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Resumen 
 La subfamilia Syllinae Rioja, 1925 de la familia Syllidae (Annelida, Polychaeta), 
es la más grande y diversa de los poliquetos, con unos 20 géneros y más de 800 especies 
descritas. En general, es uno de los grupos dominantes en todos los hábitats marinos, pero 
también uno de los grupos más problemáticos en cuanto a su taxonomía y sistemática. La 
identificación de las especies es a veces difícil y conlleva mucho tiempo, y además, más 
de la mitad de los géneros de silinos parecen ser parafiléticos. Para complicar aún   más 
el escenario, muchas de sus especies tienen rangos de distribución muy amplios, siendo 
consideradas cosmopolitas en muchos casos; pero este supuesto cosmopolitanismo, como 
se ha demostrado en otros muchos poliquetos, suele esconder procesos de especiación 
críptica. Syllinae es, además, uno de los grupos de sílidos menos estudiados en cuanto a 
la especificidad de sus hábitats y a las relaciones simbióticas que establecen como 
portadores de otros organismos. Finalmente, los silinos tienen una forma peculiar y 
sorprendente de reproducirse. Cuando se acerca la época de reproducción, desarrollan 
unas estructuras muy peculiares, conocidas como estolones, que son similares al adulto 
pero únicamente contienen los gametos; la corta existencia de los estolones está dedicada 
únicamente a la fecundación y después mueren. Aunque la reproducción en los Syllinae 
ha sido muy estudiada por varios autores, el mecanismo molecular que subyace en el 
proceso de estolonización nunca ha sido estudiado. 
Dada la falta de estudios relacionados con distintos aspectos de la subfamilia 
Syllinae, la presente tesis pretende profundizar en el conocimiento de la biodiversidad, 
los patrones de especiación, las relaciones filogenéticas y el comportamiento reproductor 
del grupo. Para ello, se han desarrollado varios trabajos bajo diferentes puntos de vista, 
que se pueden agrupar en cuatro grandes partes:  
1) Taxonomía, sistemática y delimitación de especies del género Syllis, 
incluyendo taxones nuevos y otros poco conocidos, la filogenia molecular del género y 
el análisis de la delimitación de especies en una supuesta especie cosmopolita.  
2) Taxonomía, sistemática y delimitación de especies del género Trypanosyllis, 
incluyendo taxones nuevos, la filogenia molecular del género y de otros géneros 
relacionados, y el análisis de la delimitación de especies en la especie tipo, considerada 
como una especie cosmopolita.  
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3) Ecología y relaciones simbióticas en el género Syllis, incluyendo la 
caracterización de la fauna de sílidos en sustratos poco estudiados como las macroalgas 
pardas y la caracterización de la relación simbiótica con protozoos epibiontes.  
4) Maquinaria molecular de la reproducción: aproximación transcriptómica a la 
reproducción de Syllinae.  
En la primera parte de la tesis (capítulos 1.1–1.4) se redescribe y asigna un 
neotipo a la especie tipo del género tipo de la familia, Syllis monilaris; se describen 4 
species nuevas y se re-describen otras 18 especies poco conocidas del género Syllis en 
Australia. Además, se realizan análisis moleculares de Syllis con material recolectado en 
distintas zonas del Pacífico, demostrando que se trata de un género parafilético que 
incluye al menos 4 clados distintos bien soportados, que podrían describirse como 
géneros nuevos en un futuro. Asimismo, se descubre especiación pseudocríptica en Syllis 
gracilis, una especie previamente considerada cosmopolita, que incluye al menos 8 
linajes genéticamente distintos.  
En la segunda parte (capítulos 2.1–2.2), se descubre especiación pseudocríptica 
en la especie tipo del género Trypanosyllis, Trypanosyllis krohnii, que previamente 
también habia sido considerada cosmopolita y que incluye al menos 7 especies distintas 
que son formalmente nombradas y descritas. Además, se evalúan las relaciones 
filogenéticas de los géneros Trypanosyllis, Trypanedenta, Trypanobia, Ramisyllis, 
Pseudosyllis, Eurysyllis, Plakosyllis y Xenosyllis, utilizando datos moleculares. Se realiza 
también una reconstrucción de caracteres ancestrales para investigar la evolución de los 
principales tipos de reproducción en Syllinae (escisiparidad y gemiparidad), concluyendo 
que el caracter ancestral en la subfamilia es la escisiparidad (desarrollo de un único 
estolón) y que la gemiparidad (desarrollo de más de un estolón) es un carácter derivado 
que aparece al menos dos veces en dos grupos independientes.  
En la tercera parte (capítulos 3.1–3.2) se caracteriza la fauna de sílidos asociada 
a los rizomas de la macroalga parda Lessonia spicata en Chile, describiendo y analizando 
la posición filógenética de 3 especies nuevas, y concluyendo que la comunidad de sílidos 
asociada a este hábitat es indicadora de la riqueza específica de esa zona. Además, se 
describe por primera vez la asociación epibiótica entre sílidos y protozoos de los géneros 
Cothurnia y Rhabdostyla, describiendo 3 especies nuevas de protozoos.  
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Finalmente, en la cuarta parte de la tesis (capítulo 4) se detalla por primera vez 
la expresión génica de la reproducción escisípara de una especie de Syllis, Syllis 
magdalena. Se encuentra una alta expresión de genes implicados en la atracción sexual 
(feromonas), hormonas, neuropéptidos y genes relacionados con la secreción, genes que 
participan en la determinación de la línea germinal, en la gametogénesis y la fecundación, 
y otros relacionados con los ritmos circadianos y circalunares. Se concluye además que, 
tanto el prostomio como el proventrículo y la parte final del individuo, cumplen un 
importante papel en todos los procesos, y se evalúa la historia evolutiva de diversos genes 
potencialmente implicados en el proceso de formación y liberación de los estolones (vasa, 
PL10 y timeless). 
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Abstract 
The subfamily Syllinae Rioja, 1925 of the family Syllidae is the most diverse 
subfamily within polychaetes (Annelida), with around 20 genera and more than 800 
species described. It is usually one of the dominant groups in all marine habitats, but it is 
also one of the most problematic in terms of taxonomy and systematics. The identification 
of species is sometimes difficult and time consuming, and more than a half of the genera 
within Syllinae seems to be paraphyletic in the few studies that have reviewed its 
phylogenetic relationships. To further complicate the scenario, many of the species 
appear to have wide geographic ranges of distribution, but as it has been already 
demostrated in other polychaetes, this putative cosmopolitanism usually hides cryptic 
speciation processes. In addition, Syllinae is also one of the least studied groups of syllids 
regarding to the specificity of their habitats or to the symbiotic associations they stablish 
as hosts of other organisms. Finally, syllines also have a remarkable kind of reproduction. 
During the breeding season, they develop peculiar structures known as stolons, that 
resemble the adult but are completely filled with gametes, since their brief existence is 
exclusively devoted to fertilization, followed by death. Although syllines reproduction 
has been profusely studied by many authors, the molecular toolkit involved in the 
stolonization process has never been studied before. 
Given the lack of researches in several aspects related to the subfamily Syllinae, 
the present PhD thesis is focused on the understanding of its biodiversity, speciation 
patterns, phylogenetic relationships and reproductive behaviour. To delve into this 
knowledge, we have developed several studies under different points of views, that can 
be grouped in four main parts:  
1) Taxonomy, systematics and species delimitation analysis in Syllis: including 
new taxa and poorly-known species, a molecular phylogenetic analysis within the genus, 
and a species delimitation analysis in a putative cosmopolitan species.  
2) Taxonomy, systematics and species delimitation analysis in Trypanosyllis: 
including taxonomy and systematics of new taxa, a molecular phylogenetic analysis 
within the genus and other related genera, and a species delimitation analysis in the 
putative cosmopolitan type species of the genus.  
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3) Ecology and symbiotic relationships within the genus Syllis: including a 
characterization of syllid fauna inhabiting poor studied habitats such as the holdfasts of 
kelps, and characterization of the symbiotic relationships between syllids and protozoan 
epibionts.  
4) Assessment of syllines reproduction under a trasncriptomic approach. 	
In the first part (chapters 1.1–1.4), we have redescribed and assigned a neotype 
to the type species of the type genus of Syllidae, Syllis monilaris, and also described 4 
new species and redescribed other 18 poorly-known species of Australian Syllis. In 
addition, phylogenetic analyses of Syllis are developed in order to stablish its real status. 
We concluded that the genus is paraphyletic, and contains at least four more well-
supported clades that may be described as new genera in the near future. Likewise, we 
reported the pseudocryptic speciation of the previously considered cosmopolitan species 
Syllis gracilis, which includes at least 8 genetically different lineages.  
In the second part (chapters 2.1–2.2), we reported the pseudocryptic speciation of 
another putative cosmopolitan species, the type species of Trypanosyllis, Trypanosyllis 
krohnii, which includes at least 7 species that are formally named and described. 
Additionally, we assessed the phylogenetic relationships within the genera Trypanosyllis, 
Trypanedenta, Trypanobia, Ramisyllis, Pseudosyllis, Eurysyllis, Plakosyllis and 
Xenosyllis using molecular data. We also developed an analysis of the ancestral character 
reconstruction to investigate the evolution of the reproductive modes in Syllinae, 
concluding that scissiparity (development of one stolon) is the ancestral character and 
gemmiparity (development of more than one stolon) appeared later and at least twice in 
two independent clades.  
In the third part (chapters 3.1–3.2) we characterized the Syllidae fauna associated 
to holdfasts of the kelp Lessonia spictata, describing and assessing the phylogenetic 
position of 3 new species of Syllis. We also highlight the importance of studying this kind 
of substrates that are indicators of the species richness of the whole studied area. 
Furthermore, we first reported the association between syllids and epibiotic protozoans 
of the genera Cothurnia and Rhabdostyla, describing 3 new species of these protozoans. 
Finally, in the fourth part (chapter 4), we characterized for the first time the gene 
expression during the scissiparity reproduction of a Syllis species, Syllis magdalena. We 
have found high expression levels of genes involved in mate attraction (pheromones), 
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hormones, neuropeptides, and secretion-related genes, genes related to germ line 
determination, gametogenesis and fertilization, and other genes related to circadian and 
circalunar rythms. We also concluded that the prostomium and the proventricle play an 
important role in all the reproductive processes and furthermore we assessed the 
evolutionary history of several genes involved in the formation and detachment of stolons 
(vasa, PL10 and timeless). 
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Introduction 
Syllidae Grube, 1850 constitutes a large and diversified family of annelids 
known for its spectacular reproduction, but also for its dificult taxonomy (Rouse & 
Pleijel, 2001). Syllids are a speciose and widely distributed group, distinguished by the 
presence of a unique muscularized region in the anterior part of the digestive tube, the 
proventricle, that is often visible through the body wall (Fig. 1A) (e.g. Glasby, 2000; 
Rouse & Pleijel, 2001; San Martín, 2003). They are highly varible in size (from 1 mm 
to several cm) and coloration (from semi-transparency to striking color patterns) (Fig. 
1B–D), and occur in a great variety of depths and substrates, some of them living in 
symbiosis with other organisms (Rioja, 1958; Pawlick, 1983; Martin & Britayev, 1998; 
see section below). 
The family was erected by Grube (1850), and the origin of the name was 
supposed to come from the Latin name Syllis, meaning “a worm” (Brown, 1956). 
However, recently, San Martín & Aguado (2014) clarified the etymology of the family, 
since the name comes from the Greek mythology, where Syllis was a Naiad nymph, that 
lived in Sikyon (a city in southern Greece), daughter of Asopos (a river) and Métopé 
(another nymph), one of Apollo's lovers, and mother of Zeukippos (king of Sikyon). 
The first reference to a syllid species was made by Müller (1771, 1776), who described 
Nereis armillaris, Nereis bifrons and Nereis prismatica. Nereis armillaris was later 
transferred to the genus Syllis erected by Savigny in Lamarck, 1818 and N. bifrons and 
N. prismatica to the genus Proceraea Ehlers, 1864 (see Nygren, 2004). Important early 
taxonomic works of the family included those of Quatrefages (1866), Fauvel (1934a, b) 
and Rioja (1925), but the first general work on syllid biology was that of Malaquin 
(1893) who studied in detail the morphology and anatomy of syllids, including several 
aspects of their reproduction and larval development. Most recently, remarkable works 
focused on taxonomy, systematics, biology or ecology of the entire family are those of 
Nygren (1999), San Martín (2003), Aguado et al. (2007, 2012), Aguado & San Martín 
(2009) and San Martín & Aguado (2014). Several other notable works focused in the 
Syllidae fauna of specific areas are those of syllids from the Mediterranean Sea (e.g. 
San Martín, 1984; Sardá, 1984; Somaschini & Gravina, 1994; Çinar, 2003, 2005, 2007; 
Çinar & Gambi, 2005; Musco & Giangrande, 2005; López & Gallego, 2006; Nygren et 
al., 2010; Musco, 2012), the Atlantic Ocean (e.g. Hartman, 1965; Hartman & Fauchald, 
1971; Núñez et al., 1992a, b, 1995; Nygren & Gildhom, 2001; Serrano et al., 2006; 
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Böggemann, 2009; Nogueira et al., 2001, 2004; Fukuda et al., 2012, 2015; Paresque & 
Nogueira, 2014; Paresque et al., 2014, 2015, 2016a, b), the Caribbean and the Gulf of 
Mexico (e.g. Treadwell, 1917, 1924; Uebelacker, 1984; Russell, 1989a, b, 1990; San 
Martín, 1990, 1991a, b, c, 1992, 1994; Granados-Barba et al., 2003; Nygren & Pleijel, 
2007; Álvarez-Campos & San Martín, 2009; Lattig & Martin, 2011; San Martín et al., 
2013), the Pacific Ocean (e.g. Treadwell, 1914, 1925; Hartman, 1948, 1961; Aguado & 
San Martín, 2006; Verdes et al., 2011; Brusa et al., 2013; Aguirre et al., 2015), and the 
Indo-Pacific (e.g. Haswell, 1886, 1920; Augener, 1913, 1927; Fauvel, 1917; Monro, 
1931; Imajima, 1966a, b, c, d, e; 2003; Imajima & Hartman, 1964; Hartmann-Schröder, 
1979, 1980, 1981, 1982, 1983, 1984, 1985, 1986, 1987, 1989, 1990, 1991; Hutchings & 
Rainer, 1979; Hutchings & Murray, 1984; Glasby, 2000; Glasby & Watson, 2001; San 
Martín & López 1998, 2003; San Martín & Nishi, 2003; San Martín, 2005; San Martín 
& Hutchings 2006, San Martín et al., 2008a, b; Aguado et al., 2008; San Martín et al., 
2010; Álvarez-Campos et al., 2012, 2013, 2014; Lattig et al., 2010; Aguado & Glasby, 
2015; Aguado et al., 2015a).  
 
Morphological generalities of Syllidae 
Besides the proventricle, syllids are also easy to recognize because they present 
several features that make them quite different from other polychaetes. Their bodies are 
usually sub-cilindrical, convex dorsally and flattened ventrally (Fig. 2A), although some 
genera present completely flattened, ribbon-like bodies (Fig. 2B). Their epidermis may 
be smooth or covered by tubercles, papillae and/or cilia (Fig. 2C, D), although this last 
character has been proposed to be a retention of larval ciliary features (Segrove, 1938). 
Their prostomium is oval or rectangular and in the anterior part it has a single median 
and a pair of lateral antennae, which can be smooth or articulated (Figs. 1A, 2A, B, F, 
G). They normally present two pair of eyes and sometimes a pair of additional anterior 
ocular spots (Fig. 2A, B) (further details of Syllidae eyes in Verger-Bocquet, 1983). 
Their palps are usually unarticulated and may be partially or fully fused and totally 
separated (Fig. 2A, B, F, G). Most species present also sensory nuchal organs (Fig. 2E) 
on the posterior part of the prostomium or as elongated eppauletts (Fig. 2F) extending 
through the first segments (further details of nuchal organs in Lewbart & Riser, 1996). 
Their peristomium is dorsally invisible, presumably limited to palps (Rouse & Pleijel, 
2001), although many authors consider “peristomium” to the first achaetous segment 
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(e.g. San Martín, 2003). This achaetous segment 1 presents also a pair of smooth or 
articulated cirri (Figs. 1A, 2F, G) and sometimes an anterior occipital flap that covers a 
part of the prostomium (Fig. 2H). The remaining segments have neurochaetae 
parapodial lobes with dorsal and ventral cirri. Dorsal cirri are usually cilindrical, 
although some species present globular/pin-like cirri (Figs. 1A, 2A, B, F, G), that may 
be smooth or articulated and sometimes exhibit a pattern alternating long and short cirri. 
 
Figure 1. Light microscopy pictures of A, Pseudosyllis brevipennis Grube, 1863, anterior part. B, 
Trypanedenta gigantea comb. nov. (right) and Trypanosyllis californiensis sp. nov. (upper left corner). C, 
Alcyonosyllis aidae Álvarez-Campos, San Martín & Aguado 2013. D, Syllis tripantu sp. nov. 
Abbreviation: ps, palps; la, lateral antennae; ca, central antennae; dc S1, dorsal cirri segment 1; vc S1, 
ventral cirri segment 1; dc, dorsal cirri; t, trepan; ph, pharynx; p, proventricle; psr, posterior segments 
regenerating. 
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Figure 2. A, Light microscopy picture of Syllis sp. anterior part. B, Light microscopy picture of 
Trypanedenta gemmipara comb. nov. anterior part. C, Scanning electron micrographs (SEM) of dorsal 
tubercles and papillae/spines in Trypanoglobius martini sp. nov. D, SEM of dorsal ciliary bands in T. 
gemmipara. E, SEM of nuchal organs on prostomiun of T. gemmipara. F, line drawing of Myrianida sp. 2 
(from Alvarez-Campos & San Martín, 2009). G, line drawing of Sphaerosyllis sandrae Álvarez-Campos 
& San Martín, 2009. H, LMP of Odontosyllis enopla Verrill, 1900, anterior part (picture courtesy of Aida 
Verdes). Abbreviations: ps, palps; e, eyes; dc, dorsal cirri; la, lateral antennae; ca, central antenna; tb, 
tubercles; pll d, papillae on dorsum; cb, ciliary bands; Pr, prostomium; no, nuchal organs; S1, segment 1 
(or peristomium); pl, parapodial lobes; th, thooth; ph, pharynx; ee, enlarged eyes; of, occipital flap. 
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Ventral cirri are smooth and short (Fig. 3A, B, 4A), and are absent (or fused to 
parapodia) in Autolytinae (see Nygren, 1999). Some species present gill-like structures 
associated with the parapodia (Fig. 3B, 4A). Parapodia contains neuroaciculae and 
neurochaetae, but never notochaetae, that are only present during reproduction (Figs. 
4B, 5A, C, and see section below). Neurochaetae (hereafter chaetae) can be spiniger 
(Figs. 3C, 4C), falciger (Fig. 3D–F, 4D, E, I), pseudosimple (Fig. 3G–I, 4F, J, M) (as a 
result of fusion of the fusion between shafts and blades: San Martín, 2003) or simple 
(Fig. 3J, K, 4I, M). The presence of pseudosimple chaetae in all (or most) parapodia has 
been proposed as an adaptation to a symbiotic life (Martin & Britayev, 1998). The 
pharynx is a muscular proboscid with an apical crown of shoft papillae, that may 
present a single tooth (Figs. 2G, 3L, M, 4H) with a variable position, an anterior arc of 
teeth, or sometimes a chitinous inner ring, called trepan (Figs. 1A, 3L, 4G). In addition, 
the pharynx may be straight (Figs. 1A, 2A, G, H, 3M, 4K) or coiled, sometimes with 
several loops (Autolytinae) (Fig. 2F). The pharynx leads into the muscular proventricle 
(Fig. 1A, 2A, F–H, 3M, 4K) that has been proposed to be a pump for suctorial-feeding 
(Fauchald & Jumars, 1979), for assisting in mechanical digestion of food (Haswell, 
1921), or to be a thyroid-like structure involved in reproduction (see section below). 
Within the core of the muscular fibers, there are several microcrystalline inclusions 
(Fig. 3M) that are involved in calcium metabolism (Purschke, 1988). The proventricle is 
followed by a ventricle and then a pair of caeca, with a supposed buoyancy function 
(Jeuniaux, 1969). After that there is an intestine that finishes in the anus, situated in the 
last segment or pygidium. The pigydium usually contains a pair of smooth or articulated 
cirri variable in length (Fig 4L). Further details of the general morphological features of 
Syllidae can be found in Glasby (2000), Rouse & Pleijel (2001), San Martín (2003) and 
San Martín & Aguado (2014). 
Members of Syllinae can be recognized by several features: they present ribbon-
like (Branchiosyllis, Nuchalosyllis, Parahaplosyllis, Eurysyllis, Plakosyllis, Xenosyllis 
and Trypanosyllis species) or sub-cilindrical bodies, with articulated appendages and 
palps completely separated, (Fig. 1) excepting in Karroonsyllis (see below). Eurysyllis, 
Plakosyllis and Xenosyllis are also characterized by their small size, reduction of all the 
appendages, short proventricles, and the presence of several tubercles in the dorsum 
(Eurysyllis) or numerous papillae (Xenosyllis) (Fig. 2C). In addition to the flattened 
body, Nuchalosyllis also presents a pair of nuchal epaulettes (San Martín & Aguado, 
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Figure 3. Line drawings of several Syllidae morphological features. A, Trypanosyllis devae sp. nov, 
parapodial lobe. B, Branchiosyllis oculata Ehlers, 1887 (from San Martín et al., 2013), parapodial lobe. 
C, Syllis broomensis (Hartmann-Schröder, 1979), spiniger chaetae; D, Trypanosyllis devae sp. nov., 
dorsal falciger chaetae of anterior parapodia. E, Trypanosyllis devae sp. nov., ventral falciger chaetae of 
anterior parapodia. F, Branchiosyllis oculata, claw-shaped chaetae. G, Syllis picta (Kinberg, 1866), 
midbody pseudo-simple, ypsiloid chaetae. H, Alcyonosyllis aidae anterior pseudo-simple chaetae (from 
Álvarez-Campos et al., 2013). I, Parahaplosyllis kumpol Álvarez-Campos, San Martín & Aguado, 2013, 
anterior ventral pseudo-simple chaetae. J, Parahaplosyllis kumpol, anterior dorsal simple chaetae. K, 
Trypanosyllis devae sp. nov., ventral simple posterior chaetae. L, Trypanosyllis migueli sp. nov. detail of 
pharynx with trepan. M, Branchiosyllis tagalog Álvarez-Campos, San Martín & Aguado, 2012, pharynx 
and trepan. Abbreviations: dc, dorsal cirri; vc, ventral cirri; gll, gill-like structures; bd, blade; sf, shaft; t, 
trepan; pll ph, papillae on pharynx; th, tooth; mf, muscular fibers. 
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Figure 4. SEM of several Syllidae morfological features. A, Branchiosyllis oculata, parapodial lobe 
(from San Martín et al., 2014). B, Trypanosyllis cf. krohnii developed stolon. C, Syllis broomensis, 
spiniger chaetae; D, Trypanosyllis luzonensis comb. nov., dorsal falciger chaetae of anterior parapodia. E, 
Branchiosyllis oculata, claw-shaped chaetae. F, Syllis picta midbody pseudo-simple, ypsiloid chaetae. G, 
Trypanedenta gigantea trepan, dorsal view. H, Branchiosyllis mayae Álvarez-Campos, San Martín & 
Aguado, 2012, everted pharynx, dorsal view (from Álvarez-Campos et al., 2012). I, Syllis tripantu sp. 
nov. posterior chaetae. J, Alcyonosyllis aidae anterior pseudo-simple chaetae (from Álvarez-Campos et 
al., 2013). K, Trypanedenta gigantea comb. nov. pharynx and trepan. L, Trypanosyllis luzonensis comb. 
nov. pygidium. M, Parahaplosyllis kumpol, anterior ventral pseudo-simple chaetae. Abbreviations: vc, 
ventral cirri; gll, gill-like structures; nch, natatory notochaetae; bd, blade; sf, shaft; t, trepan; pll ph, 
papillae on pharynx; th, tooth; mf, muscular fibers; ac, anal cirri. 
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2014). Branchiosyllis species usually show gill-like structures on parapodia and also 
claw-shaped chaetae or ungulae (Góngora et al., 2011) at least in the final segments 
(Figs. 3F, 4E and Álvarez-Campos et al., 2012). Alcyonosyllis, Haplosyllis and 
Parahaplosyllis are also easy to recognize due to the presence of simple or pseudo-
simple chaetae in most part of their parapodia (Fig. 3H, I, 4J, M). Megasyllis present 
very annulated segments and some cirri without articulation (San Martín et al. 2014; 
San Martín & Aguado, 2014). Trypanosyllis species are distinguished both by their 
flattened bodies and by the presence of the trepan in the pharynx (Fig. 1A, 2B, 3L, 4G, 
H). Dentatisyllis also is characterized by the presence of a trepan in the phatrynx, but its 
body is cylindrical (San Martín & Aguado, 2014). In contrast, the genus Inermosyllis do 
not present an armed pharynx, and Opisthosyllis and Paraopisthosyllis only present a 
tooth but inserted in the middle or posterior part of pharynx (San Martín & Aguado, 
2014). Some species within Opisthosyllis usually present an occipital flap (as in 
Odontosyllis, see fig. 2H), and Paraopisthosyllis species dorsal surface is densely 
covered by papillae (e.g. Paresque et al. 2016). The monotypic Australian genus 
Rhopalosyllis, also present numerous papillae covering all the body, including 
prostomiun and cirri, but additionally, is recognizable for its short annulated spindle-
shape cirri. Parasphaerosyllis present cirri alternating between cilindrical, long 
articulated cirri and short lemon-shaped cirri. The weird and monotypic genus 
Karroonsyllis, only found in Australia, presents a small body with short appendages and 
very large papls almost completely fused (as in Exogoninae species, see fig. 2G). 
Another monotypic and striking genus is Ramisyllis very easy to recognize by its 
branching body, and the simple chaetae in all its parapodia (See Glasby et al. 2012). 
Finally, Syllis species have been usually characterized as a jumble of species that did 
not have any characters in common excepting the absence of the diagnostic characters 
of the rest of genera (see Syllinae problematic section for further explanation).  
 
Biological and ecological generalities of Syllidae 
Syllids are extremely abundant in coastal shallow waters, and scarce at deep 
waters (Desbruyères & Segonzac, 1997), although a few exceptions can be found (for 
instance, Trypanedenta gigantea comb. nov. is usually found at around 300 m depth). 
The majority of taxa occurs in warm waters, associated to coral reefs (e.g. Hutchings, 
1974), but the family is common in all seas and all over the world (Rouse & Pleijel, 
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2001). Syllids are a dominant group in rocky bottoms, usually associated to algae, kelp 
holdfasts or as epibionts of other sessile metazoans (such as mussels or polychaete 
calcareous tubes), but some species live in soft substrates, in the interstices of sandy 
sediments (e.g. San Martín, 1984; Glasby, 2000; San Martín, 2003). Although most 
Syllidae are free-living, several species, mainly within Syllinae, have been also reported 
to live closely-associated with specific hosts, including sponges, cnidarians, decapods, 
and equinoderms (e.g. Martin & Britayev, 1998; López et al., 2001; Lattig & Martin, 
2009, 2011a, b; Britayev & Antokhina, 2012; Glasby et al., 2012; Álvarez-Campos et 
al., 2012, 2013; Simon et al., 2014). Interestingly, several species living on the surface 
of sponges are able to acquire a mimetic coloration, by ingesting the sponges pigment 
(e.g. Fauchald & Jumars, 1979; Pawlick, 1983; Lattig & Martín, 2009; Álvarez-Campos 
et al., 2012; Aguado et al., 2015). In addition, the striking coloration of some syllids 
have been suggested to be and aposematic feature, but there are no studies regarding 
this matter yet (Rouse & Pleijel, 2001). Syllids have been also found to play an 
important role as hosts of other organisms, such as the endobiotic association of 
copepods and other polychaetes inhabiting the coelomic cavities of several syllids 
species (Caullery & Mesnil, 1915; Uebelacker, 1978; San Martín & Sardá, 1986), or the 
haplosporidian parasite infecting Megasyllis nipponica (Siddall & Aguado, 2006).  
Most syllids are considered to be carnivorous, feeding on colonial invertebrates 
(corals, hydrozoans, bryozoans), sponges or other polychaetes, whereas other species 
have been reported to feed on algae and diatoms or to be detritivorous in soft 
sedimentary bottoms (Fauchald & Jumars, 1979; Fischer & Fischer, 1995; Giangrande 
et al., 2000). Fauchald & Jumars (1979) reported also that feeding probably involved 
piercing on the surface of the prey with the pharyngeal tooth, and then sucking out the 
tissue content using the muscularized proventricle. Furthermore, Haswell (1886) 
pointed out that the pharyngeal tooth had a basal poison gland that was used to paralyze 
the prey, but unfortunately this hypothesis was not further tested. Nevertheless, it was 
recently demonstrated that there is a correlation between the pharyngeal armature and 
the feeding strategies (Giangrande et al., 2000). Thus, species with well developed teeth 
or trepans may be herbivores or carnivorous, grazing on substrata or biting the prey 
before pumping the tissues, whereas, in contrast, deposit feeders with a poorly 
developed proboscid, should pump the detritus directly (Giangrande et al., 2000; San 
Martín & Aguado, 2014). 
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Finally, syllids, as well as many other annelids, are able to regenerate missing 
segments, either as a result of injury or after the reproductive process (see section 
below). Regeneration of posterior segments is the most common type, since all the 
schyzogamous species are able to do it after they reproduce; however, anterior 
regeneration has been also reported in several species (e.g. Michel, 1909; Okada, 1929; 
Berrill, 1952), including those that reproduce asexually and can regenerate both anterior 
and posterior ends from only a few segments (Okada, 1929). Within Syllinae, this is the 
case of Syllis gracilis (Ohada, 1929; Boily & Thibau, 1974), Haplosyllis djiboutiensis 
(Lattig & Martín, 2011) and Typosyllis antoni (Weidhase et al., 2016).  
 
Sexual reproductive modes and larval development of Syllidae 
Syllids display one of the most remarkable specializations in reproduction, 
called epitoky, which implies morphological, physiological and behavioural changes 
associated with sexual maturity (Rouse & Pleijel, 2001). These changes include the 
enlargement of eyes, the development of notochaetae to swim to the surface for 
spawning, or the striking bioluminescence phenomenon that exhibit some species for 
mate attraction (e.g. Wilkens & Wolken, 1981; Franke, 1999; Gaston & Hall, 2000; 
Deheyn & Latz, 2009). Syllids are able to reproduce both asexually a sexually and they 
are commonly gonochoristic, though simultaneous hermaphroditism occurs in some 
species (e.g. Haswell, 1886; Schröeder & Hermans, 1975; Franke, 1999). The studies on 
Syllidae reproduction have been numerous, but it is worth highlighting the reviews from 
Malaquin (1983), Potts (1911), Okada (1937), Durchon (1959), Durchon & Wissocq 
(1964), Gildholm (1965), Schröeder & Hermans (1975), Garwood (1991), Franke 
(1999), Nygren (1999) and San Martín (2003). 
Overall, Syllidae reproduction can be divided into two different types, epigamy, 
where the whole animal is modified (in Exogoninae, Eusyllinae and some Autolytinae) 
(Fig. 5A) and schizogamy, or stolonization (Syllinae and most Autolytinae), with the 
production of “small worms” at the end of the adult body (or stock) that are called 
stolons (Agassiz, 1863) (Fig. 5B). The stolons present several features similar to the 
stock (eyes, antennae, body plan), but they are fully filled with gametes because their 
brief existence is exclusively devoted to mating, which is followed by death (Franke, 
1999). The stock produces and transfers the gametes to the stolon (Fig. 5C), and when  
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the stolon is mature, it releases from the stock, and goes to the water surface to spawn 
(Potts, 1911; Mesnil & Caullery, 1919). Before or after the stolon detachment 
(depending on the species), the stock regenerates the final segments of its body (e.g. 
Marion & Bobretsky, 1875; Michel, 1898; Okada, 1929) (fig. 1C). The free spawning of 
gametes is the most usual mode to reproduce, but some species of Exogoninae and 
Eusyllinae have been reported to have external brooding (e.g. Potts, 1911; Haswell, 
1920; Riser, 1991) (See fig. 5C, D) and even an internal fertilization of the brood 
chamber occurs in some Autolytinae (Gildholm, 1965). A free swimming trochophore 
larval stage is usually present (excepting in some Autolytinae) and the metamorphosis is 
complete after 4–6 weeks of fertilization (e.g. Cazaux, 1984; Fischer and Fischer, 
1985).  
 
Figure 5. Light microscopy picture of Syllidae sexual reproductive modes. A, Epigamic Odontosyllis 
enopla (picture courtesy of Aida Verdes) B, Schizogamic Syllis albae sp. nov.. C, Schizogamic Syllis sp. 
D, dorsal brooding of fertilized eggs in Exogoninae. E, dorsal brooding of juveniles in Exogoninae. 
Abbreviations: ee, enlarged eyes; nch, natatory notochaetae; st, stolon; ov, ovules; jn, juveniles. 
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Figure 6. Syllinae stolonization. A, Schizogamic gemmiparity in Trypanobia asterobia (Okada, 1933). B, 
Syllis magdalena Wesenberg-Lund, 1962 female stolon. C, Branchiosyllis boringabooren Álvarez-
Campos, San Martín & Aguado acephalous stolon (from Álvarez-Campos et al., 2012). D, Alcyonosyllis 
aidae dicerous stolon. E, Syllis magdalena male stolon. F, Trypanosyllis cf. krohnii acerous stolon. G, 
Syllis gracilis pentacerous stolon. Abbreviations: st, stolon; a, antennae.  
 
 
The typical way of reproduction in Syllinae is the schyzogamy, but within it, 
species manifest two different modes (San Martín, 2003). In scissiparity, the individuals 
develop only one stolon (Fig. 5B, C), whereas in gemmiparity, a cluster of successive 
stolons is developed on each reproductive event (See Fig. 6A, Okada, 1933). Although 
it has been reported that there is not sexual dimorphism amongst stolons (Glasby, 2000; 
San Martín, 2003), the stolons of some species are easy to recognize due to the 
differences in coloration of female and male gametes, which are visible through the 
stolon body wall (See Fig. 6B, E). In addition, Syllinae stolons develop a head with 
Introduction 
 19 
eyes and appendages before they are detached from the stock. Based on the grade of 
development of these head structures, five different types of stolons have been proposed 
for the subfamily (Malaquin, 1893; Potts, 1911; Estapé & San Martín, 1991; San 
Martín, 2003): acephalous stolons with no anterior appendages (Fig. 6C); acerous or 
tetraglène stolons with only two pairs of eyes (Fig. 6F, G); dicerous or chaetosyllis 
stolons with two pairs of eyes and one pair of small unarticulated antennae (Fig. 6B, D, 
E); tetracerous stolons with two pairs of eyes and one pair of well-developed articulated 
antennae; and finally, pentacerous or ioda stolons with a well-developed prostomiun 
with two pairs of eyes and three antennae (Fig. 6G). In a recent phylogenetic study of 
the whole family, it has been proposed that the different clades within Syllinae were 
defined by the different stolon morphotype (Aguado et al., 2012). However, given the 
small taxon sampling considered and the results obtained in other previous studies 
(Lattig et al., 2010; Lattig & Martin, 2011), the stolon-type evolutionary hypothesis 
(Aguado et al., 2012) for Syllinae needs further revision, since it seems to be inadequate 
for some of the clades (see results).  
Finally, the control of the reproduction has been experimentally studied, 
specially in several Syllinae species, and it seems that there is an endocrine control 
influenced by light and temperature (Franke, 1999). The studies developed in Syllis 
prolifera and S. pulchra, concluded that during the summer time (long days and high 
temperatures), a hormone produced in the prostomium affects a second inhibitory 
hormone produced in the proventricle and thus allows the beginning of stolonization 
(Franke, 1999). In contrast, during winter conditions (short days and low temperatures), 
the proventricle is not affected by the prostomiun and the proventricular hormone then 
inhibits stolonization (Abeloos, 1950; Durchon, 1959; Durchon & Wissocq, 1964; 
Wissocq, 1966; Franke, 1983a, b, 1985, 1999; Heacox, 1980; Heacox & Schroeder, 
1982; Franke & Pfannenstiel, 1984; Verger-Bocquet, 1984). Furthermore, the 
stolonization in these species is also influenced by lunar rhythms, since the species 
synchronized it to the different moon cycles (Franke, 1985, 1986a; Fischer are Fischer, 
1995; Gaston & Hall, 2000). More recently, Weidhase and collaborators (2016), 
developed a studied in another species, Typosyllis antoni, that again showed the 
important role that the proventricle plays in the control of stolonization. Even though 
the stolonization of the subfamily Syllinae has been largerly studied from a 
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morphological and a phisiological point of view by many authors, none of the studies 
have addressed the molecular toolkit involved in the process so far.  
 
Systematics, Phylogeny and Species delimitation in Syllidae 
What is systematics and phylogeny? 
Systematics is an essential discipline in biology, which is focused on the 
understanding of the origins and causes of biological diversity (Fujita et al. 2012). A 
phylogeny is a representation of the evolutionary relationships within a given group, 
that can be constructed using several kind of data (or a combination of them), such as 
morphological characters, ecological features or molecular information, as long as the 
traits are considered heritable. Three main approaches have been traditionally used to 
reconstruct the phylogenetic relationships of organisms with molecular data: parsimony, 
maximum likelihood (ML) and bayesian inference (BI), all based in the principle of 
monophyly proposed by Hennig (1965). Further details of each methodology can be 
found in several studies (e.g. Cavalli-Sforza & Edwards, 1967; Wiley, 1981, 1988; 
Felsenstein, 1981; Scotland, 1992; Rannala & Yang, 1996), but regardless of the 
method used for phylogenetic inferences, nowadays the phylogeny is considered as a 
central principle in taxonomical studies (see de Queiroz & Gauthier, 1990). Since in no 
other discipline definitions are as important as they are in taxonomy (Hull, 1965), the 
definitions of taxon names should be evolutionary-based, i.e. based in the common 
ancestry and in homologous characters, and therefore names should not be never 
applied to non-monophyletic taxa (de Queiroz & Gauthier, 1990). Thus, phylogeny and 
taxonomy should walk hand in hand in systematics, in order to properly assess the 
evolutionary patterns of a particular group. 
 
Phylogenetic inferences in syllids 
Currently, the family Syllidae is considered a monophyletic group, with the 
proventricle as its synapomorphy (Rouse & Pleijel, 2001; Aguado et al., 2012). Syllids 
comprises about 74 genera, and more than 800 species (San Martín & Aguado, 2014; 
Fukuda et al., 2016; Paresque et al., 2016b), which have been traditionally included into 
four monophyletic subfamilies (Rioja, 1925): Syllinae Rioja, 1925, Autolytinae 
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Langerhans, 1879, Eusyllinae Malaquin, 1893 and Exogoninae Langerhans, 1879. 
Recently, a fifth subfamily, Anoplosyllinae Aguado & San Martín, 2009 has been 
proposed (Aguado & San Martín, 2009), including some previously unclassified genera: 
Anoplosyllis Claparède, 1868, Astreptosyllis Kudenov & Dorsey, 1982, Streptosyllis 
Webster & Benedict, 1884, Streptospinigera Kudenov, 1983 and Syllides Örsted, 1845 
(Aguado et al., 2012; San Martín & Aguado, 2014). However, there are still about 23 
genera and 71 species considered as incertae sedis (San Martín & Aguado, 2014; 
Paresue et al., 2016). Within each subfamily, there is a lack of resolution in the 
phylogenetic relationships of the most part of the genera they contain (Aguado et al., 
2012, 2015). In particular, within Exogoninae, Eusyllinae and Syllinae, most of the 
genera seem to be paraphyletic, and specifically, Syllinae presented paraphyly in more 
than a half of the genera included (Aguado et al., 2012, 2015).  
 
What is a species and what is the species delimitation? 
Species category is the elementary unit in biology, mainly in taxonomical and 
systematics studies (see Martinsson, 2016). What a species is varies from discipline to 
discipline, since there are several species concepts (e.g. biological, ecological, 
diagnosable, taxonomic, phylogenetic), extensively discussed by many authors (e.g. 
Meier, 2000; de Queiroz, 2007). But besides the characterization of the unit “species”, it 
is also fundamental to establish a reliable criterion to classify the organisms as the same 
or as different species (de Queiroz, 2007). In this sense, species delimitation is the 
process by which species boundaries are determined and new species are described. To 
develop a robust method for identifying distinct evolutionary lineages is a central goal 
of species delimitation (Fujita et al., 2012). Nowadays, the methodology that use 
molecular data to infer the species boundaries is based on the phylogenetic species 
concept: ‘a species is the smallest diagnosable cluster of individual organisms within 
which there is a parental pattern of ancestry and descent’ (Cracraft, 1983). Therefore, 
species should be monophyletic in terms of its component genes, organisms, and/or 
subpopulations (de Queiroz, 2007).  
Species delimitation is usually divided in two steps, species discovery and 
species validation (Carstens et al., 2013). In the species discovery step, usually 
evolutionary hypothesis about species boundaries are tested using a molecular dataset, 
and the result is the grouping of specimens into distinctive species. For species 
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delimitation, the criteria vary from reciprocal monophyly, to certain thresholds for 
genetic distances, or diagnostic characters. Currently, the most common molecular 
marker to infer species boundaries in animals is the cytochrome c oxidase subunit I or 
COI, which also allows to test the existence of barcode gap in distinctive species (i.e. 
difference between intra- and inter-individual variability for the marker). However, 
given the different evolutionary history of the genes in species, the use of multi-locus 
approaches provides a better scenario for species delimitation analyses. If more than one 
locus is studied, they have to be either analyzed independently and the results compared 
for further combination with other available information (Zhang et al., 2013) or 
analyzed together in a single analysis using coalescent models (Yang & Rannala, 2010). 
In this thesis, several methods for species delimitation have been used, from 
genetic distances, to barcode gaps, and phylogeny-based species delimitation for one or 
more loci (see chapters 1.4 and 2.1). 
 
Species delimitation in syllids 
Up to now, species delimitation in syllids has been only developed in the 
traditional way, i. e. by using morphological features to differentiate species. For 
instance, details on appendages, pharynx or in the shape of chaetae have been 
considered important to distinguish among species of syllids (e. g. San Martín, 2003; 
Nygren, 2004). Therefore, if only a few differences were found in distant populations of 
the same supposed species, an intraspecific variability was assumed, and the species 
was considered cosmopolitan. In addition, the consideration of wide ranges of 
distribution for many polychaetes species at the beginnig of 20th century (Fauvel, 1914), 
also contributed to this general vision of cosmopolitanism. However, with the 
emergence of studies using molecular datasets, large geographic ranges for putative 
cosmopolitan species within polychaetes, have been very rarely reported (Westheide et 
al., 2003; Meyer et. al. 2008; Schüller & Hutchings, 2012), and in turn, the presence of 
cryptic speciation has been largely demonstrated (e.g. Barroso et al., 2010; Carr et al., 
2011; Nygren & Pleijel 2011; Glasby et al., 2013; Borda et al., 2013; Stiller et al., 
2013; Nygren, 2014). Cryptic speciation is detected when two or more morphological 
indistinguishable species, that were erroneously classified under one species name, are 
identified through molecular techniques (Knowlton, 1993, 2000; Bickford et al., 2007). 
Surprisingly, even though syllids are a diverse and abundant annelid clade, studies 
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documenting cryptic speciation are scarce. Only Westheide & Haß-Cordes (2001), have 
documented cryptic speciation in Neopetitia amphophthalma (Siewing, 1956), although 
several authors pointed out a possible cryptic speciation within other worldwide 
distributed species (e.g. Núñez et al., 1992; Maltagliati et al., 2000; San Martín et al., 
2008). 
 
Why we should care about the subfamily Syllinae? 
Syllinae is the largest and most diverse subfamily with around 300 species 
contained in more than 20 genera, in contrast to the 90 species in 12 genera within 
Autolytinae, 67 species in 6 genera within Eusyllinae, 100 species in 9 genera within 
Exogoninae, and 40 species in 5 genera within Anoplosyllinae (see San Martín & 
Aguado, 2014; WoRMS Editorial Board, 2016). It is usually one of the dominant 
groups in all marine habitats, both in terms of number of species and specimens, but 
maybe as a result of its high diversity and due to the fact that the identification is 
sometimes difficult and time consuming, it is also one of the least studied groups of 
syllids. Although there are several taxonomic studies reviewing some of its genera, such 
as those in Haplosyllis (e.g. Lattig & Martin, 2009; Lattig et al., 2010), Branchiosyllis 
(e.g. Álvarez-Campos et al., 2012; San Martín et al., 2013; Lucas et al. in press), 
Megasyllis (San Martín et al., 2014) or more recently in Paraopisthosyllis (Paresque et 
al., 2016b), it seems that a more comprenhensive revision of all the group is needed, in 
order to assess the real state of each genera as well as the realtionships among them. In 
particular, the type genus Syllis presents several taxonomic and phylogenetic problems 
still unsolved. The lack of morphological synapomorphies in the genus (see morphology 
section above), together with the lack of detail in many of the old descriptions, makes 
the study of this highly diverse group of syllids difficult. In addition, the type material 
of many of the species has been lost (e.g. species described by Haswell 1886), including 
the type specimen of the type species, Syllis monilaris Savigny in Lamarck, 1818. 
Furthermore, there is also a lack of consensus between the different authors regarding 
the status of the genus and the species within Syllis. For instance, one of the most recent 
and largest revisions, done by Licher (1999), is a cladistic analysis with morphological 
characters of 213 taxa, concluding that only the species with pseudo-simple chaetae 
should be considered as Syllis, whereas the rest of the species belong to Typosyllis. 
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However, other authors did not follow this division since they considered that the only 
valid genus was Syllis (e.g. San Martín, 1992, 2003), and thus, nowadays the new 
species are described either as Syllis or Typosyllis, depending on the criteria of the 
authors (e.g. San Martín & López 2000; Nogueira & San Martín 2002; San Martín 
2004; Çinar 2005; Musco & Giangrande 2006; Lucas et al., 2012; Salcedo-Oropeza et 
al., 2012; Simon et al., 2014). To further complicate the scenario, the results obatined in 
two recent phylogenetic analyses (Aguado et al., 2012, 2015), that included three 
different molecular markers, did not shed light into the problem, since both Syllis and 
Typosyllis appeared to be paraphyletic, together with other genera. Likewise, another 
highly diverse genus within Syllinae, Trypanosyllis, that is very easy to identify given 
that all its species possess ribbon-like bodies and a pharynx armed with a trepan (see 
morphological section), is neither considered a monophyletic group since it appeared 
nested within other genera of the so-called ‘ribbon clade’ (Aguado et al., 2012, 2015). 
Another problem associated to the study of Syllinae, that is probably again 
linked to its high diversity in numerous habitats, and to the difficulties identifiying most 
of its species, is the lack of studies regarding to the specificity between syllines and the 
subtrates they inhabit. Although there are many studies focused on the relationships 
among particular Syllinae genera, such as Haplosyllis, or Alcyonosyllis, that live in 
symbiosis with other specific marine invertebrates (see Martin & Britayev, 1998 
review; Britayev et al., 1998; Lattig & Martin, 2009, 2011a, b; Britayev & Antokhina, 
2012; Glasby et al., 2012; Álvarez-Campos et al., 2012, 2013;), the most part of syllines 
described are reported to be associated to coral rubble or to non-specific algae and 
sponges (e.g.  San Martín, 2003). For instance,  in spite of many studies pointing out to 
the huge diversity of polychetes associated to holdfast of brown algae (which are 
important both in terms of marine conservation and in economical terms), only a few of 
them have been focused on polychetes species richness (Martins et al., 2013; Pabis & 
Sicinski, 2010), and none of them were concerned about the syllid community. 
Moreover, as we previously mentioned, there is only a handful of studies centered on 
syllines as hosts, regardless of their important role at least in the endobiotic associations 
with other polychaetes or copepods (e.g. Caullery & Mesnil, 1915; Uebelacker, 1978; 
San Martín & Sardá, 1986). Interestingly, up to now, no epibiotic relationships within 
syllines has been reported. 
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But, in addition to the taxonomical and biological/ecological difficulties and the 
poorly resolved phylogenetic relationships, it is also worth noting another factor that 
probably is increasing the problematic of the group: the apparent cosmopolitanism of 
many Syllinae species. Traditionally several Syllinae species, such as Branchiosyllis 
exilis, Haplosyllis spongicola, Syllis gracilis, S. ypsiloides, S. hyalina, S. armillaris or 
Trypanosyllis zebra (among others), have been reported to have worldwide distributions 
(e.g. Imajima, 2003; San Martín, 2003; Çinar & Ergen, 2003; Çinar, 2007), and 
therefore, they seem to be a good case study to test species boundaries within this 
diverse and abundant group of syllids. 
 Likewise, there are numerous studies focused on morphological an physiological 
aspects related to the reproduction in Syllinae, including also the exogenous factors that 
seem to affect the process (e.g. Franke, 1980, 1981, 1983a, b, 1985, 1999; Heacox & 
Schroeder, 1982; Franke & Pfannenstiel, 1984; Weidhase et al., 2016); but, up to now, 
the stolonization has never been studied under a molecular point of view. 
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Objetivos 
 Dada la anteriormente mendionada falta de conocimiento en varias cuestiones 
relacionadas con la subfamilia Syllinae en cuanto a su biología, sistemática y 
reproducción, el objetivo principal de esta tesis, es ahondar en el estudio de la 
biodiversidad, los patrones de especiación y las relaciones filogenéticas dentro del 
grupo (principalmente enfocándonos en los géneros Syllis y Trypanosyllis), y 
proporcionando también una primera aproximación la expresión génica de una especie 
de Syllis durante el proceso de estolonización. Con esta finalidad, se han desarrollado 
cuatro capítulos con varios objetivos específicos:  
1.   Taxonomía, sistemática y delimitación de especies en Syllis (capítulo 1): 
•   Revisión de especímenes históricos de Syllis monilaris Savigny in Lamarck, 
1818, especie tipo del género Syllis Savigny in Lamarck, 1818, que es el 
género tipo de la familia Syllidae, con el objetivo de designar un neotipo 
(capítulo 1.1).  
•   Revisión morfológica y molecular del género Syllis en Australia (capítulos 
1.2 y 1.3): se aportan detalladas descripciones taxonómicas de varias 
especies nuevas y otras poco conocidas. Se elabora también una hipótesis 
filogénetica para el género incluyendo material nuevo recolectado en 
Filipinas y Nueva Zelanda.  
•   Estudio de delimitación de especies en la supuesta especie cosmopolita Syllis 
gracilis (capítulo 1.4). 
2.   Taxonomía, sistemática y delimitación de especies en Trypanosyllis (capítulo 2): 
•   Estudio de delimitación de especies en la supuesta especie cosmopolita y 
especie tipo del género, Trypanosyllis krohnii (capítulo 2.1)  
•   Estudio de las relaciones filogenéticas dentro de las especies de Syllinae que 
presentan cuerpos aplanados dorsoventralmente, incluyendo la descripción 
de un nuevo género y varias especies nuevas de Trypanosyllis; también se 
realiza un análisis de la señal filogenética que proveen los tipos de 
reproducción que presenta el grupo (capítulo 2.2). 
3.   Ecología y relaciones simbióticas en Syllis (capítulo 3): 
•   Caracterización de la fauna de Syllis asociada a la macroalga Lessonia 
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spicata en Chile, aportando las descripciones y la posición filogenética de 
las tres especies nuevas encontradas (capítulo 3.1). 
•   Caracterización de la nueva asociación encontrada entre protozoos 
epibiontes y especies de Syllinae recolectados en aguas costeras poco 
profundas de varios lugares del mundo (capítulo 3.2). 
 
4.   Aproximación transcriptómica a la reproducción de Syllinae (capítulo 4): 
•   Evaluación de la expresión génica durante el proceso de estolonización 
(esquizogamia, escisiparidad) en Syllis magdalena.
Objectives 
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Objectives 
Given the aforementioned lack of knowledge in several issues related to the Syllinae 
subfamily biology, systematics and reproduction, the aim of this thesis is to further 
understand the biodiversity, speciation patterns and phylogenetic relationships within 
the group (mainly focused on the genera Syllis and Trypanosyllis), and to provide a 
snapshot of the gene expression during the stolonization process of a Syllis species. In 
order to address these issues, four main chapters have been developed with several 
specific objectives: 
1.   Taxonomy, systematics and species delimitation in Syllis (chapter 1): 
•   Revision of historical specimens of Syllis monilaris Savigny in Lamarck, 
1818, the type species of the genus Syllis Savigny in Lamarck, 1818, which 
is the type genus of the family Syllidae, in order to design a neotype (chapter 
1.1).  
•   Morphological and molecular revision of the genus Syllis in Australia 
(chapters 1.2 and 1.3): detailed taxonomical descriptions of some poorly-
known species and several new species are given. A phylogenetic hypothesis 
for the genus is developed including new-collected material from the 
Philippines and New Zealand. 
•   Species delimitation assessment in the putative cosmopolitan species Syllis 
gracilis (chapter 1.4). 
 
2.   Taxonomy, systematics and species delimitation in Trypanosyllis (chapter 2): 
•   Species delimitation assessment in the putative cosmopolitan species, and 
type species of the genus, Trypanosyllis krohnii (chapter 2.1)  
•   Phylogenetic study of the relationships within ribbon-like species of 
Syllinae, including descriptions of a new genus and new species for 
Trypanosyllis, and the test of the phylogenetic signal of their reproductive 
modes (chapter 2.2). 
 
3.   Ecology and symbiotic relationships within Syllis (Chapter 3): 
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•   Characterization of the genus Syllis associated to macroalgae of the species 
Lessiona spicata in Chile, providing also descriptions and phylogenetic 
analyses for new species found (chapter 3.1). 
•   Characterization of a new epibiotic association of protozoans and Syllinae 
found in shallow coastal waters across the world (chapter 3.2). 
 
4.   Transcriptomic approach to the reproduction of Syllinae (chapter 4): 
•   Assessment of the gene expression during the stolonization process 
(schizogamic scissiparity) in Syllis magdalena.	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Resumen 
En este trabajo se redescribe Syllis monilaris Savigny in Lamarck, 1818, especie 
tipo del género Syllis Savigny in Lamarck, 1818, a partir de dos ejemplares depositados 
en el Museum für Naturkunde de Berlín (Alemania). Debido a que el holotipo se 
considera perdido, uno de los ejemplares es designado como  neotipo, por necesidades de 
estabilidad nomenclatural en el grupo. La especie es de gran tamaño, con cirros dorsales 
largos en los segmentos anteriores, que se van acortando y haciendo fusiformes a partir 
de la mitad del cuerpo, y tiene gruesas sedas compuestas falcígeras con artejos muy cortos 
y unidentados, no fusionados con el mango. La falta de sedas simples en el neotipo 
contradice la propuesta de Langerhans (1879) de dividir el género en dos subgéneros: 
Syllis, que, además de sedas compuestas, presenta gruesas sedas simples por fusión de 
mango y artejo en la parte media del cuerpo, y Typosyllis, que presenta únicamente sedas 
compuestas. Se discute la sistemática del grupo y, de acuerdo con los nuevos datos 
obtenidos, se considera que Typosyllis es un sinónimo más moderno de Syllis. 
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Abstract 
Syllis monilaris Savigny in Lamarck, 1818, the type species of the genus Syllis 
Savigny in Lamarck, 1818, is redescribed based on two specimens deposited in the 
Museum für Naturkunde Berlin (Germany). One specimen is designated as neotype, since 
the original type material is considered to be lost, and there is a necessity to stabilize the 
nomenclature of the group. The species is large sized, with long dorsal cirri on anterior 
segments, becoming short and fusiform from midbody, it has thick compound chaetae 
with short, unidentate blades, not fused to shafts. The lack of chaetae with fused shafts 
and blades contradicts the division of the genus Syllis into subgenera as proposed by 
Langerhans (1879), who considered the subgenus Syllis as having thick fused chaetae on 
midbody, in addition to compound chaetae, and the subgenus Typosyllis with only 
compound chaetae. A discussion about the systematics of the genus is included, and 
according to this new data, Typosyllis is a junior synonymy of Syllis.
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Introduction 
The genus Syllis was initially erected by Savigny in Lamarck, 1818, to include the 
species Syllis monilaris Savigny in Lamarck, 1818 (see below for authorship 
explanation). The genus was first included in the family “Nereides” (Savigny in Lamarck, 
1818; Savigny, 1822), and later Grube (1850) erected the family Syllidae, with Syllis as 
the type genus of the family. The new taxa were based on material observed and collected 
near Suez, in the northern end of Gulf of Suez, by Jules-César Savigny himself, during 
the Napoleonic Campaign in Egypt (1798–1801). The morphological description seems 
to have been based mainly on a single, complete, large sized specimen, stated to be more 
than 3 inches long (“trois puces et plus” = more than 76 mm; Savigny, 1822), and drawn 
at natural size as being 87 mm long (Savigny, 1817; Fig. 1). The species was stated to be 
“commune sur les côtes de la mer Rouge”, and its movement in the water described, 
implying that several living specimens were observed (Savigny, 1822). 
 
Figure 1. Syllis monilaris. Original plate by Savigny (1817). 
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Napoleonic Campaign in Egypt (1798–1801) 
One of the aims of the Napoleonic Campaign in Egypt was to explore the 
possibility to connect the Mediterranean with the Red Sea through a navigable canal, 
similar to the Canal of Pharaohs that connected the Gulf of Suez with the Nile in the 
antiquity. With this purpose in mind, and also as a consequence of the Enlightenment 
values of the French Revolution and the wish to make Egypt a model of French culture 
(Bouchet & Danringal, 1982), the Campaign incorporated a large contingent of scientists 
and scholars, among which Jules-César Savigny. After the return of Napoleon to Paris a 
large scientific expedition, including Savigny and Geoffroy Saint-Hilaire, was sent to the 
town of Suez, occupied by the French Army in November 1798 (Hamy, 1901; Pallary,	
1931; Bouchet & Danrigal, 1982). According to the personal correspondence of Saint-
Hilaire (Hamy, 1901), the expedition departed for Suez around December 24, 1799, and 
stayed until shortly after January 14, 1800, when it had to return to Cairo, to escape the 
approaching forces of the Ottoman army by land, and the British by sea. In one letter 
dated January 7, 1800, Saint-Hilaire wrote “le citoyen Savigny n’épargne ni dépenses ni 
peines pour se procurer des mollusques, madrépores, oursins, coquillages vivants et 
généralement tous les animaux à sang blanc que la rade de Suès peut fournir. [...] La 
petite troupe que nous formons ici avait eu le project d’aller par mer à la rade de Tor et 
de lá en nous confiant au Bedoins de cette plage de nous rendre au mont Sinaï. On nous 
aprend à l’instant même que les chameaux de ces Arabes ont été employées pour les 
besoins de l’armée et qu’il n’y a nullement à compter sur leur bienveillance” (Hamy, 
1901).  
This seems to be the only time Savigny visited the Red Sea, and he must have 
observed and collected Syllis monilaris during the period ranging from the last days of 
December 1799, to the first half of January 1800. Due to the turmoil in the region it was 
impossible to visit other locations southwards in the Gulf of Suez. Savigny studied 
molluscs collected at Kousséir (= Quseer), on the west shores of the Gulf of Suez and 
occupied by the French army on May 29, 1799, but apparently this material was collected 
for Savigny by the engineer Du Bois Aymé (Pallary, 1931). Thus the type locality of S. 
monilaris is Suez and its surroundings, in shallow water
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Authorship and publication dates of Syllis and S. monilaris 
Savigny returned to Paris in February 1802, after a period of quarantine at 
Marseille just following his arrival from Egypt. He published several important works 
and memoirs between 1801 and 1817, mainly based on the material collected during the 
Campaign. During this period Savigny also contributed texts on zoology, covering birds, 
ascidians, and annelids, to the encyclopaedic work “Description de l’Égypte, ou recueil 
des observations et des recherches qui ont été faites en Égypte pendant l’expédition de 
l’armée française, publié par les ordres de sa Majesté l’Empéreur Napoléon le Grand”, 
briefly known as “Description de l’Égypte”. This work, published between 1809 and 
1829, was a recompilation of the scientific studies done in Egypt during the Campaign, 
including those on natural history. It had two editions, the first one printed in a large 
format at the “Imprimerie Impériale” and known as the Impériale edition, and a second 
edition printed later in a smaller size at the “Imprimerie de C.L.F. Panckoucke”, repeating 
the text of the first one and known as the Panckoucke edition (Pallary, 1931). 
Besides the text, Savigny’s contributions included numerous and very detailed 
plates for the atlas of natural history of Description de l’Égypte. Several of these plates 
were never published (Pallary, 1932, 1934), but the published ones included not only 
invertebrates (103 plates, including 5 on annelids), but also algae (2), and vertebrates 
(20). The largest number of Savigny’s plates are dated to have been drawn and engraved 
between 1805 and 1813, but due to an editorial decision, plates drawn, engraved and 
published as late as 1825 still had these first dates printed on them (Pallary, 1934). Due 
to health problems that began to affect his sight in 1817 (Pallary, 1931; des Cilleuls and 
Girard, 1968), many of the texts and plates on natural history, on which Savigny was 
working, as well as the explanations of the plates, never appeared. The publication dates 
of the different sections of natural history of the Impériale edition were a matter of 
controversy, while there is little doubt concerning the dates of Panckoucke’s second 
edition. Sherborn (1897) revised the publication dates of the natural history sections of 
the Impériale edition, and his results were supported by Tollitt (1986), and finally ruled 
by Opinion, 1461 of the ICZN (1987). This affects Savigny’s Système des annélides, 
principalment de celles des côtes de l’Égypte et de Syrie, which publication date has been 
cited as 1809, 1820, 1822, and 1826. Sherborn (1897) attributed with “little doubt” a 
publication date of 1822 to Savigny’s Système des annélides of the Impériale edition, a 
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date also supported by Tollitt (1986) and ruled by the ICZN (1987), being 1826 the 
publication date of the Panckoucke edition. 
In what concerns the new taxa, the main results of Savigny’s research on the 
annelids were first presented to the Académie Royale des Sciences as two manuscripts, 
the first on May 17, 1817, with the title “Recherches pour servir à la classification des 
annélides”, and the second on July 14, 1817, entitled as “Tableau systématique de la 
classe des annélides” (Cuvier et al., 1820). These manuscripts were the basis of the 
“Système des annélides, principalement de celles des côtes de l'Égypte et de la Syrie, 
offrant les caractères tant distinctifs que naturels des ordres, familles et genres, avec la 
description des espèces” published in the Description de l’Égypte (Savigny, 1822). 
Lamarck (1818) used Savigny’s manuscripts to write the chapter on annelids of 
his “Histoire naturelle des animaux sans vertèbres”, justifying his act as “Comme les 
travaux de M. Savigny nous paraissent importants [...] nous nous empressons de mettre 
à profit ses observations” (Lamarck, 1818: 279), while Cuvier et al. (1820: 96–97) added 
“M. Savigny avoit communiqué une portion de son travail, avec permission d’en faire 
usage, [to] M. de Lamarck [...]”. Lamarck (1818) cited extensively the manuscripts 
prepared by Savigny as “Sav.Mss.”, including not only the general results but also many 
of the new taxa named and described by Savigny in his unpublished manuscripts. He also 
cites some plates and figures of annelids that are included in the second volume of plates 
of natural history of Description d’Égypte. Later, in his work Savigny (1822: 17) makes 
reference to the use by Lamarck of his manuscripts: “M. de Lamarck ayant généralement 
adopté la nomenclature et les caractères proposés dans le présent système, nous ne 
citerons désormais son ouvrage qu’aux endroits oú il s’en est écarté”. This way many of 
the new names created by Savigny appeared for the first time in Lamarck (1818), 
including the names Syllis and Syllis monilaris. 
The problems concerning the authorship of the taxa described as new by Lamarck 
(1818) and citing Savigny’s manuscripts were discussed previously by Fauchald (1992), 
and continued by Wehe and Fiege (2002). According to them, as the publication date of 
Savigny’s work is 1822, the descriptions by Lamarck have priority. However, Lamarck 
explicitly quoted that many of these taxa were from a manuscript prepared by Savigny, 
as “Sav.Mss.” (see Fauchald, 1992; Fauchald and Rouse, 1997; Wehe and Fiege, 2002; 
Solís-Weiss et al., 2004). According to the ICZN article 50.1.1, the credit of authorship 
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belongs to Savigny, and it should be cited accordingly as Savigny in Lamarck, 1818. This 
way, the species would be Syllis monilaris Savigny in Lamarck, 1818. 
In what concerns the name of the genus Syllis, Lamarck (1818) does not cite 
directly the manuscript written by Savigny when introducing it, but from the contents of 
the text it is clear that Savigny is the author, and the authorship should also be cited as 
Syllis Savigny in Lamarck, 1818. The name Syllis (together with the genus name Lycoris) 
also appears written in plate 4 of volume 2 of plates of natural history of Description de 
l’Égypte, which was published in 1817 (e.g. Thomson & Brayley, 1838). This would 
predate Lamarck’s publication, and could be considered to be valid (but subject to 
discussion) according to articles 12.1, 12.2 and 12.2.7 of the ICZN (1999). However, in 
spite of the fact that the second volume of plates of natural history started being published 
in 1817, many of the 105 plates that presently form that volume were added later than 
1817 (Pallary, 1934). On May 23, 1814, five plates with 14 drawings of annelids were 
delivered by Savigny to the Commission in charge of the publication of Description de 
l’Égypte (Pallary, 1934). However, the fact that the final version of the plates includes 
drawings of 20 species instead of 14, that plate 1 does not have any drawing 2, and that 
Lamarck (1818) does not cite some of the species pictured in the plates, seem to indicate 
that the plates were subject to constant changes and corrections after their initial delivery, 
as happened with other plates (Pallary, 1934). All the five plates on annelids seemed to 
have been drawn and engraved between “1805–1812”, but as noted above these dates 
were maintained even for plates engraved in 1825 (Pallary, 1934). Moreover, as late as 
March 26, 1825 there were plates of annelids still waiting to be published (Pallary, 1934). 
Savigny contributed with a total of 125 plates for the Description de l’Égypte, distributed 
by the first two volumes of plates of natural history. When Audouin was appointed, in 
1825, to write the explanations of these plates, only 39 of them had been published 
(Audouin 1826). 
As it was not possible to find direct evidences of the publication dates of Savigny’s 
plates on annelids, and as in 1825 at least some of these plates were still awaiting 
publication, it seems reasonable to think that the plate including the name Syllis could 
have been, and probably was, published after 1817, and that both Lamarck and Savigny 
cited unpublished plates in their works. 
The descriptions of Syllis monilaris given by Savigny in Lamarck (1818) and 
Savigny (1822) do not include many details on the pharynx and proventricle, or the
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 chaetae, details that are now known to be critical to discriminate between species in the 
group. The diagnosis of the genus by Savigny (1822) stated only “trompe moyenne, 
partagée en deux anneaux cylindriques; le second plus petit et plissé à son orifice, dont 
le bord supérieur porte une petite corne solide dirigée en avant”, while the single 
reference to the chaetae is that they are “assez grosses, obtuses, jaunâtres” in the 
description of the species and “soies simples” in the diagnosis of the genus by Savigny 
(1822), without any reference being made in the diagnosis of Lamarck (1818). 
 
Savigny’s and Ehrenberg’s specimens, and designation of a neotype  
At least part of Savigny’s collections of annelids and molluscs in alcohol was sent 
to Cuvier, at the Muséum in Paris (Pallary 1931, 1932). According to Pallary (1932) and 
Bouchet and Danrigal (1982), in 1853, after Savigny’s death, his manuscripts, notes and 
collections were offered to the town of Versailles, but it is not clear if collections in 
alcohol were included. This could explain why Grube (1870) was unable to locate 
Savigny’s material when studying the collections of the Muséum National d’Histoire 
Naturelle (MNHN). The collection was found uncurated, in the cellar of the municipal 
library of Versailles in 1927, being transferred again (or what was left of it) to the national 
collections in 1930 (Pallary, 1931). Several types of polychaetes from the Red Sea 
originally collected and described by Savigny were later found at the collections of the 
MNHN by Solís-Weiss et al. (2004): Polynoe impatiens Savigny in Lamarck, 1818, 
Hesione splendida Savigny in Lamarck, 1818, and Clymene amphistoma Savigny in 
Lamarck, 1818. Thomas Wehe also located specimens collected by Savigny in the Gulf 
of Suez when visiting the MNHN (Wehe et al., 2006), but it was not stated which species. 
Solís-Weiss et al. (2004) highlighted that probably other types are deposited at the 
MNHN, but for several reasons (such as unreadable or missing labels) it was not possible 
to identify them. At least in with regards to mollusc shells, Savigny seldom wrote labels, 
using numbers instead, probably associated with a catalogue (Pallary, 1932). The type of 
Syllis monilaris was never located, and Licher (1999) considered that it was lost. A 
subsequent search by Tarik Mezanie (MNHN) at the request of two of the authors (P.A.-
C. and G.S.M.) was also unsuccessful. 
The type material of Syllis monilaris is thus considered to be lost, and the doubts 
concerning the chaetae and other important morphological characters have remained
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 unsolved since its description. Syllis monilaris is the type of the genus Syllis Savigny in 
Lamarck, 1818, which in turn is the type genus of the family Syllidae Grube, 1850. Syllis 
is the polychaete genus with the largest number of described species and has a very 
complex taxonomy and list of synonymies (see below), while the Syllidae, in its turn, is 
the most speciose family of polychaetes. Thus, the lack of a good description of such 
important species in the group has caused nomenclature instability almost since its 
description. 
However, Grube (1869) reported and redescribed, without figures, Syllis 
monilaris (as Syllis moniliformis [sic]), in Latin, on the bases of several specimens 
collected by Christian Gottfried Ehrenberg, in El Tor, also in the Gulf of Suez. This 
material was collected during the Hemprich and Ehrenberg’s Expedition to Egypt and the 
Middle East (1820–1825), when Ehrenberg stayed in El Tor from October 6, 1823 to 
March 6, 1824 (Ehrenberg, 1828; Baker, 1997; Bauer, 2000). Grube’s description is more 
comprehensive than the previous ones and includes details about the chaetae: “falce plus 
minus brevi apice simplici, ceterarum multo fortiores bicuspides” (Grube, 1869: 503). 
This description has been generally overlooked, perhaps because the species was 
erroneously named in the paper as “Syllis moniliformis”, although the author clearly states 
Savigny as the author of the species and correctly cites the text and plates of Description 
de l’Égypte with its description. 
 
Neotype designation 
Ehrenberg’s specimens identified by Grube are deposited at the Museum für 
Naturkunde Berlin (ZMB), Germany, are clearly identified by an accompanying label 
stating “Syllis monilaris” (Fig. 2A), and were re-examined by us. Two of them are in very 
good condition, and the longer one is here designated as neotype, figured and redescribed, 
in agreement with the ICZN articles 75.3.2 and 75.3.3. This material is consistent with 
the previous descriptions and figures of the species, and the designation of a neotype is 
needed to stabilize the complex nomenclature of the group, as the type material is 
considered to be lost (articles 75.3.1, 75.3.4, and 75.3.5 of the ICZN). El Tor is relatively 
close to the type locality of the species (in agreement with article 75.3.6), and the neotype 
was collected by Ehrenberg about 24 years after the collection of the lost type material 
by Savigny, and long before the opening of the Suez Canal (November 17, 1869), with
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the subsequent reports of anti-Lessepsian migrants and introduced species in the region, 
besides the severe anthropogenic modification of the original type locality of the species. 
This designation ensures that the neotype is consistent with what is known of the former 
name-bearing type as much as possible, morphologically, and geographically. Finally, in 
agreement with the ICZN article 75.3.7, the neotype is deposited at the same institution 
where it had been held (ZMB). 
 
 
 
 
 
 
 
 
 
 
Figure 2. Syllis monilaris. Photographs of neotype (MNB F1941). A, complete specimen, with original 
Grube’s label. B, anterior end, dorsal view. C, midbody, dorsal view. D, compound chaetae, anterior 
parapodia. E, compound chaetae, midbody. 
 
 
Results 
Family Syllidae Grube, 1850 
Genus Syllis Savigny in Lamarck, 1818 
Syllis Savigny 1817: plate 4, fig. 3 [plate 4 probably published later than 1817]. Savigny in 
Lamarck 1818: 317–318. Savigny 1822: 43–44. Audouin 1826: 71. Savigny 1826: 372–373. 
Ioida Johnston 1840: 231. Type species: Ioida macrophthalma Johnston, 1840 
Gnathosyllis Schmarda 1861: 69. Type species: Gnathosyllis diplodonta Schmarda, 1861 
Trichosyllis Schmarda 1861: 73. Type species: Trichosyllis sylliformis Schmarda, 1861 
Heterosyllis Claparède 1863: 248. Type species: Heterosyllis brachiata Claparède, 1863 
Isosyllis Ehlers 1864: 251. Type species: never designated 
Pagenstecheria Quatrefages 1865: 17. Type species: Syllis oblonga Keferstein, 1862 
Aporosyllis Quatrefages 1865: 87. Type species: Syllis gracilis Grube, 1840
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Ehlersia Quatrefages 1865: 104. Type species: Syllis sexoculata Ehlers, 1864 
Thoe Kinberg 1866: 249. Type species: Thoe fusiformis Kinberg, 1866 
Eurymedusa Kinberg 1866: 249. Type species: Eurymedusa picta Kinberg, 1866 
Laomedora Kinberg 1866: 250. Type species: Laomedora fusifera Kinberg, 1866 
Chaetosyllis Malmgren 1867: 44. Type species: Chaetosyllis oerstedi Malmgren, 1867 
Typosyllis Langerhans 1879: 528–529. Type species: Syllis krohni Ehlers, 1864 
Langerhansia Czerniavsky 1881: 395. Type species: Syllis sexoculata Ehlers, 1864 
Paratyposyllis Hartmann-Schröder 1962: 95. Type species: Paratyposyllis paurocirrata 
Hartmann-Schröder, 1962 
Reductotyposyllis Hartmann-Schröder 1974: 123. Type species: Reductosyllis atentaculocirrata 
Hartmann-Schröder, 1974 
 
Type species: Syllis monilaris Savigny in Lamarck 1818: 318. Type by monotypy 
Diagnosis. Body cylindrical. Palps fused basally. Antennae, tentacular, anal, and dorsal 
cirri distinctly annulate, moniliform. Pharynx with dorsal tooth located on anterior rim or 
slightly posterior to anterior margin, pharynx with crown of soft papillae; some species 
with two crowns of papillae. Compound chaetae falcigerous, sometimes with 
pseudospinigers present in some regions of body, some species with thick pseudo-simple 
chaetae produced by loss of blade and enlargement of shaft, or by shaft and blade fusion, 
which can be only partial. Capillary dorsal and ventral simple chaetae present on posterior 
parapodia. Reproduction by scissiparous schizogamy (one single stolon at a time). 
Stolons dicerous, tetracerous or pentacerous; some species viviparous. For further details, 
see San Martín (1984, 1992, 2003), San Martín and Aguado (2014), and Simon et al. 
(2014).  
Etymology. Although Lamarck (1818), Savigny (1822) and Grube (1850) did not specify 
anything about the origin of the name, San Martín & Aguado (2014) explained that Syllis 
was a nymph of the Greek Mythology. Syllis (also known as Hyllis) was daughter of 
Hyllus and Iole, and mother of Zeuxippus by Apollo. During the 19th Century the natural 
history was still very influenced by the currents of the Enlightenment and Neoclassicism, 
and it was common to name new taxa inspired by classical mythology. 
 
Syllis monilaris Savigny in Lamarck, 1818 
Figs. 1–5 
Syllis monilaris Savigny in Lamarck 1818: 318. 
Syllis monilaris Savigny 1822: 44–45, pl. 4, fig. 3. 
Syllis monilaris Audouin 1826: 71. 
Syllis monilaris Savigny 1826: 372–373, pl. IV, fig. 3. 
Syllis monilaris Blainville 1828: 473, pl. 17, fig. 2. 
Syllis monilaris Peters 1855: 613.
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Syllis monilaris Licher 1999: 292. 
Syllis moniliformis [sic; lapsus calami] Grube 1869: 502. 
Syllis moniliformis Licher 1999: 306. 
 
Material examined. El Tor (Egypt, Sinai Peninsula, Gulf of Suez), C.G. Ehrenberg coll., id. A.E. 
Grube, 2 specimens: ZMB F1941, 1 bigger specimen, designated as neotype; ZMB 11529, 1 
smaller specimen, broken in two. 
Additional material. England, off Folkestone, eastern English Channel, 51.02726º N, 1.30379º E, 
coarse sediment with Sabellaria spinulosa crust, 33 m depth, 22 Jun 2014, Fokestone Pomerania 
Survey, 3 specimens (collection of APEM Ltd.). Australia, Western Australia, Houtman 
Abrolhos, NE entrance Goss Passage, Beacon Island, 28° 27' 54" S , 113° 46' 42" E, 25 May 
1994, 33 m depth, underneath boulders embedded in coral sand, coll. Pat Hutchings, 1 specimen 
(AM W29492). 
Redescription based on neotype (MNB F1941). Body of large size, elongated (Figs 1, 
2A–C, 3), incomplete, 5.8 cm and 296 chaetigers long, almost 1 mm wide on anterior 
body (Fig. 3), wider on mid-posterior segments (1.4 mm) (Fig. 4C), slender posteriorly 
(0.7 mm) (Fig. 4D). Body now very dark, opaque (Figs. 2A–C). Prostomium pentagonal; 
4 eyes in trapezoidal arrangement. Palps robust, similar in length to prostomium. Median 
antenna on posterior part of prostomium, between posterior eyes, with 16 articles, slightly 
longer than combined length of prostomium and palps; lateral antennae shorter than 
median one, with 13–14 articles each. Peristomium shorter than subsequent segments 
(Fig. 3). Dorsal tentacular cirri longer than median antenna, about twice as long as lateral 
ones, with about 25 articles each; ventral tentacular cirri about half length of dorsal ones, 
with 18 articles each. Dorsal cirri longer than body width on anterior segments, becoming 
similar to shorter than body width from midbody backwards, and more or less fusiform, 
especially from midbody backwards (Fig. 4A–C), with well defined cirrophores and 
articles; articles basally and distally smaller than medially; anteriormost dorsal cirri 
longer than dorsal tentacular cirri, with 28–22–29–32–20–26–21–19–27 articles (left 
side), 29–19–26–32–22–22–21–23–23 articles (right side) (Fig. 3); at proventricular 
level, all cirri becoming shorter and similar in length, with about 14–18 articles (Fig. 4A); 
12–14 articles on midbody (Fig. 4B), with similar cirri alternating irregularly between 
long and short; on midbody-posterior segments, dorsal cirri proportionally thicker and 
more fusiform, with 12–17 articles (Fig. 4C); on posteriormost segments, dorsal cirri 
smaller, with 10–14 articles each (Fig. 4D). Parapodia conical, distally bilobed on dorsal 
view (Fig. 3). Ventral cirri digitiform, longer than parapodial lobes on anterior parapodia,
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becoming shorter from midbody onwards. Chaetae mostly broken but some parapodia 
with complete fascicles all along the body. All chaetae heterogomph compound, with 
thick shafts and short, triangular, unidentate blades sometimes with short spines on 
margin, but blades usually smooth, similar in shape and size throughout body (Figs 2D–
E, 5A–C). Upper blades 35 µm long, lower ones 25 µm long; usually dorsal-most falciger 
on each parapodium with slightly thicker shaft than remaining ones. Anterior parapodia 
each with 9 compound chaetae (Fig. 5A); occasionally some chaetae slightly bidentate; 
midbody parapodia with 8 compound chaetae (Fig. 5B); posterior parapodia with 5 
compound chaetae (Fig. 5C). Dorsal and ventral simple chaetae not observed (specimen 
incomplete). Anterior parapodia with 7 aciculae (Fig. 5D), 4 at midbody (Fig. 5E), and 2 
in posteriormost parapodia, one distally blunt and other slightly acuminate (Fig. 5F). 
Pharynx extending through about 13 segments; pharyngeal tooth on anterior margin of 
pharynx. Proventricle from chaetigers 13 to 21.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
        
Figure 3. Syllis monilaris. Neotype (ZMB F1941). Anterior end, dorsal view. Scale: 0.4 mm
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Second specimen much smaller than neotype, broken in two pieces and also incomplete, 
13 mm long and 76 chaetigers, 1 mm wide on anterior body. 
Distribution. Only known from the Gulf of Suez. In agreement with the ICZN article 
76.3, the type locality of the species becomes El Tor (Egypt, Sinai Peninsula, Gulf of 
Suez), locality of collection of the neotype. 
Habitat. Stated to be common on the coasts of the Red Sea (Savigny, 1822). Collected 
at El Tor under flattened grey coloured sponges, between corals (“Sub tegmine 
gelatinoso-carneo-cinereo lineari lapidibus affini inter corallia ad Tor”; Grube, 1869).   
Behavior. “Elle se déplace en serpentant avec beaucoup d’agilité et remuant 
continuellement ses cirres” (Savigny,1822).  
Etymology. According to WoRMS (Gil, 2015) the specific epithet monilaris is formed 
by the Latin root monil-, meaning "string of beads", and the Latin suffix -aris, which is 
used to form an adjective, usually by adding it to a noun, indicating a relationship or a 
pertaining to, referring to the presence of moniliform antennae and cirri typical of the 
species. 
                    
 
 
 
 
 
 
 
 
 
 
 
Figure 4. Syllis monilaris. Neotype (ZMB F1941). A, dorsal cirri, proventricular level. B, dorsal cirri, 
midbody. C, midposterior segments, dorsal view. D, posterior segments, dorsal view. Scale: 0.4 mm.
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Remarks. The specimens studied by Grube agree with the descriptions and drawings 
provided by Savigny and Lamarck, and were collected in the same area (Gulf of Suez), 
so we have no doubt that they represent the same species. Since the type material used 
for the original description was lost, and that with the exception of Grube (1869) nobody 
redescribed the species, we designate here a neotype and provide a redescription. Both 
specimens from the ZMB are in excellent condition, flexible, and well preserved, 
although most chaetae are now broken; however, specimens are very darkened, and both 
pharynx and proventricle are difficult to see by transparency; in order to preserve as 
undamaged as possible these two important specimens, we have not removed parapodia 
nor dissected them, so it is not possible to detail the number of muscle cell rows of the 
proventricle. Savigny’s description of Syllis monilaris is much more extensive than the 
one published in Lamarck (1818), but even so very incomplete, not detailing some 
important characters, especially the size and shape of the chaetae; the chaetae are 
described by Savigny (1822) as “assez grosses, obtuses, jaunâtres” (“thick enough, 
obtuse, yellowish”), while the genus Syllis is stated to have “soies simples” (“simple 
chaetae”); in the drawings only the bases of the shafts are shown (see Fig. 1). However, 
Grube (1869) describes the chaetae as “falce plus minus brevi apice simplici”, meaning 
that the chaetae did have a more or less short, simple, sickle-shaped apex. Savigny figured 
a dark, opaque, very long, complete specimen, with 341 segments and more than 76 mm 
long (from text; about 87 mm long from figure), and described to be grey-reddish 
coloured with some iridescence. Grube (1869) reported about 300 segments, and we 
counted 296 chaetigers in the incomplete neotype. Both Grube’s and Savigny’s 
specimens have elongated dorsal cirri on anterior segments, becoming shorter, somewhat 
fusiform, on midbody and posterior segments, where they are shorter than body width 
(see Fig. 1). This arrangement of dorsal cirri is similar to those of Syllis gracilis Grube, 
1840, Syllis armillaris (O.F. Müller, 1776) and, especially, Syllis hyalina Grube, 1863; 
the general aspect of the body of Syllis monilaris is quite similar to the latter, but the 
compound chaetae are closer to those of S. armillaris, although clearly different. All these 
species have thick compound chaetae with short blades, which are fused with the shafts 
in the midbody parapodia only in S. gracilis. The three are probably closely related, since 
they also share the pentacerous reproductive stolon; however, none of the examined 
specimens of Syllis monilaris were developing stolons, and none of them is useful for 
molecular analyses. This way, we cannot assure the phylogenetic relationships of S. 
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monilaris with other species of Syllis. Furthermore, the three species are reported 
worldwide and each one of them represents likely a complex of different species. Future 
researches will provide further details for the knowledge of S. monilaris (number of rows 
in the proventricle, dorsal and ventral simple capillary chaetae, type of stolon, molecular 
data), but the present description is sufficient and adequate for a correct identification of 
the species. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. Syllis monilaris. Neotype (ZMB F1941). Compound chaetae: A, anterior. B, midbody. C, 
posterior. Aciculae: D, anterior. E, midbody. F, posterior. Scale: 50 µm 
 
Three specimens from England and one from Beacon Island (Western Australia) 
agree perfectly with the description of Syllis monilaris, although being smaller. Whether 
they belong or not to the same species is not possible to assess at this moment. Licher 
(1999) reports this species from La Rochelle (France) based on specimens collected by 
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d’Orbigny (MNHN A–74, 15 specimens), and also from Sicily, as Syllis moniliformis 
(NHMW 621, 3 specimens). The question if the records of the species from Northern 
France and England, or the Mediterranean Sea represent a sibling species or an introduced 
population remains unsolved until further detailed studies can be carried out. The 
Australian specimen however, comes from the same Ocean as S. monilaris, although from 
a very distant locality. The present redescription will make the recognition of the species 
easier, and additional material will probably provide an answer to the above question.  
Syllis monilaris is the type species of the type genus of the family Syllidae, but it 
was poorly known, as a detailed description was lacking. This lack of knowledge caused 
numerous synonymies (see above list) and taxonomic problems. The most remarkable 
attempt to simplify the situation was done by Langerhans (1879), who split the genus into 
four subgenera: Haplosyllis, only with simple chaetae; Typosyllis, only with compound 
falcigerous chaetae; Syllis, with both compound falcigers and some secondarily simple, 
thick chaetae; and Ehlersia, with spinigerous and falcigerous compound chaetae. This 
division was followed by Fauvel (1923) and subsequent  numerous different systems of 
classification, depending on the authors, who considered them as subgenera or raised 
them to genera. San Martín (1984, 1992, 2003) offered a detailed discussion and revision 
of this problem, and with the exception of Haplosyllis, considered as a genus per se, 
proposed the combination of the remaining three genera under the genus Syllis, at least 
until more species were better known and more data available: “[...] the division of Syllis 
[...] both as subgenera or genera, is an artificial division and it has been followed for 
practical reasons more than scientific ones [...]” (San Martín 1992).  
Furthermore, San Martín (1992) stated that “All these considerations do not mean 
that Syllis must be considered as a homogeneous genus. There are many other 
characters, which have not been described for most of the species of this genus, but could 
be useful for segregating Syllis into groups of species or subgenera. These characters 
are mainly three: the shape of posterior aciculae, shape of the solitary dorsal setae, and 
the kind of reproductive stolon.” 
Some recent authors (e.g. Licher, 1999, Tovar-Hernández et al., 2002, Aguado et 
al., 2015) have maintained the existence of two genera: Syllis, with some simple chaetae 
in midbody resulting from the fusion of the blades with the shafts, and Typosyllis, with 
the rest of the species, including those with thick simple chaetae resulting from the loss 
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of blades, and the ones with pseudospinigers (previously considered as spinigers). This 
contradicts the opinion expressed by San Martín (1984, 1992, 2003), in that “the presence 
of thick simple setae, which would define the subgenus Syllis, cannot be used as a generic 
or subgeneric character, but only as a specific character” (San Martín, 1992). The fusion 
of blades and shafts is progressive during the ontogeny, and younger specimens of Syllis 
gracilis, for instance, do not have fused chaetae, and they become more markedly fused 
as the specimen grows; the presence of thick simple chaetae is thus a secondary character. 
This species would be a special case in the Animal Kingdom, changing of genus 
during its ontogeny, being Typosyllis during the early stages, and Syllis when adult. 
Furthermore, there are some other similar species with only partially fused chaetae, which 
would not fit clearly in the two genera. There are two more considerations supporting 
Typosyllis as a non-valid genus, and just one more among many other synonymies of 
Syllis: 
1. The type species of the genus Syllis, Syllis monilaris, does not have fused 
chaetae, contrary to what is stated in the diagnosis of the genus by Savigny (1822) (see 
above redescription of neotype). 
2. There are several older genera synonymized with Syllis that would have priority 
over Typosyllis (see list of synonymies above).  
Two of the authors (P.A.-C. & G.S.M.) are currently revising the available types 
of each one of these synonymies, and preparing redescriptions of some older species, in 
the framework of a global revision of the systematics of the genus, supported by 
molecular data whenever available. Considering the possible future division of Syllis into 
several genera as a result of the ongoing studies, the name Typosyllis could only be 
applied for its type species (Syllis krohnii Ehlers, 1864) and closely related species, and 
only in the case there would be no available previous name to designate the group, 
according to the ICZN article 23.3. 
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The genus Syllis Savigny in Lamarck, 1818 
(Annelida, Syllidae) from Australia. 
Molecular analysis and re-description of 
some poorly-known species 
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Resumen 
La taxonomía y las relaciones filogenéticas en el género Syllis Savigny in 
Lamarck, 1818, género tipo de la familia Syllidae, siguen siendo un tema controvertido 
ya que el grupo no exhibe sinapomorfías claras y, además, no existen datos moleculares 
para la mayoría de las especies. Para poder ahondar en el conocimiento de las relaciones 
filogenéticas dentro del género Syllis, se ha realizado una revisión taxonómica de gran 
parte del material recolectado durante décadas por el personal del Australian Museum 
(Sydney), aportando nuevos datos moleculares en especies que no se habían secuenciado 
hasta el momento. En concreto, hemos redescrito y secuenciado 7 especies poco 
conocidas de sílidos de Australia, para analizar sus relaciones filogenéticas dentro del 
género: Syllis broomensis (Hartmann–Schröder, 1979) n. comb., S. crassicirrata 
(Treadwell, 1925) n. comb., Syllis cruzi Núñez & San Martín, 1991, S. edensis 
(Hartmann-Schröder, 1989), Syllis gracilis Grube, 1840, Syllis picta (Kinberg, 1866) n. 
comb., y S. setoensis (Imajima, 1966). Los resultados obtenidos indican también que el 
género Typosyllis, considerado por algunos autores un sinónimo de Syllis y  por otros un 
género independiente, es parafilético; se discute una posible organización del género 
Syllis, que contiene al menos 4 clados bien soportados por los datos moleculares. 
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Abstract  
The taxonomy and phylogenetic relationships within Syllis Savigny in Lamarck, 
1818, the type genus of the family Syllidae, are still a matter of debate because the group 
does not show clear synapomorphies and because of the lack of molecular data for many 
of the species. In order to help understand some of the phylogenetic relationships within 
the genus Syllis, we have performed a morphological revision of part of the material 
collected during decades by the Australian Museum staff, and provide molecular data for 
species not sequenced before. In particular, seven poorly known Australian species of the 
genus Syllis Savigny in Lamarck, 1818 have been redescribed in detail and sequenced to 
analyze their phylogenetic position: Syllis broomensis (Hartmann–Schröder, 1979) n. 
comb., S. crassicirrata (Treadwell, 1925) n. comb., Syllis cruzi Núñez & San Martín, 
1991, S. edensis (Hartmann-Schröder, 1989), Syllis gracilis Grube, 1840, Syllis picta 
(Kinberg, 1866) n. comb., and S. setoensis (Imajima, 1966). The results obtained also 
indicate the paraphyly of Typosyllis, considered by some authors a synonymy of Syllis 
and by some others an independent genus; a possible new organization of Syllis, which 
contains at least four well-supported clades, is discussed. 
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Introduction 
Syllids are one of the usually dominant groups in most marine habitats both in 
terms of number of species and individuals (San Martín, 2003) and, in particular, they 
constitute a common and highly diverse group of animals in Australian waters (Glasby, 
2000). Many authors have undertaken major studies to describe the Australian Syllidae 
fauna, especially since the beginning of the 20th century (e.g. Haswell, 1886, 1920, 
Augener, 1913, 1927; Fauvel, 1917; Monro, 1931; Hartmann-Schröder, 1979, 1980, 
1981, 1982, 1983, 1984, 1985, 1986, 1987, 1989, 1990, 1991; Hutchings & Rainer, 1979, 
1980; Hutchings & Murray, 1984; Glasby, 2000; Glasby & Watson, 2001; San Martín & 
López, 1998, 2003; San Martín, 2005; San Martín, & Hutchings 2006, San Martín et al., 
2008 a, b; San Martín et al., 2010; Lattig et al., 2010; Aguado et al., 2015a). However, 
none of the recent studies have focused on the type genus of the family: Syllis Savigny in 
Lamarck, 1818. 
 The genus Syllis is the largest and most diverse within the syllids, with more than 
120 species worldwide distributed and around 30 described species in Australia (Licher, 
1999; San Martín, 2003). However, there is still a lack of knowledge in the genus that 
may in part be due to the chaotic state of the group, given that there are many taxonomic 
problems, and its phylogenetic relationships are still a matter of debate. One of the main 
taxonomic problems is the lack of consensus among different authors regarding the status 
of the genus and the species within it. Syllis was divided by Langerhans (1879) into four 
subgenera, on the basis of chaetal characters: Typosyllis Langerhans, 1879, only with 
falcigerous chaetae; Haplosyllis Langerhans, 1879, with only thick simple chaetae; 
Ehlersia Quatrefages, 1865, with falcigerous and elongated compound chaetae 
(pseudospinigers); and Syllis with pseudo-simple (the result of the fusion of shafts and 
blades) and falcigerous chaetae. Many authors have followed this division (e. g. Fauvel, 
1923) while others have considered each subgenus as a valid genus (e. g. Fauchald, 1977). 
For instance, Hartman (1959) proposed the change of species with pseudospinigers from 
Ehlersia ex. auct. to Langerhansia Czerniavsky, 1881; however, this change was not 
widely accepted and both names have been used either as a genus and as a subgenus (see 
San Martín, 1992). Currently, Haplosyllis is considered as a distinct genus within the 
subfamily Syllinae (San Martín, 2003; Lattig et al., 2007, 2010), but the status of the rest 
of the genera/ subgenera is still a matter of debate. Typosyllis and Syllis were revised in 
detail by Licher (1999), who organized the now considered genus Typosyllis into 18 
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different species-complexes using a cladistic analysis of 213 taxa. He included Ehlersia 
(and Langerhansia) under Typosyllis, and concluded that only species with pseudo-
simple chaetae could be considered as Syllis, whereas the rest of the species belong to 
Typosyllis. Therefore, Licher (1999) considered 107 species within Typosyllis and 17 
within Syllis. However, San Martín (1992, 2003) considered that the only valid genera 
were Syllis. The World Register of Marine Species database (WoRMS Editorial Board, 
2015) considers Typosyllis to be a synonymy of Syllis (following San Martín 1992, 2003), 
but on the other hand, some species belonging to Typosyllis also appear valid in the 
database. In addition, the new species described either as Syllis or Typosyllis, depending 
on the criteria of the authors, increase the chaos in the group (e.g. San Martín & López, 
2000; Capa et al., 2001, Nogueira & San Martín, 2002; Tovar-Hernández et al., 2002; 
San Martín, 2004; Ravara et al., 2004; Çinar, 2005; Musco & Giangrande, 2006; 
Nogueira & Yunda-Guarin, 2008, Lucas et al., 2012; Salcedo-Oropeza et al., 2012; 
Simon et al., 2014). 
 An additional problem is the lack of details in the oldest descriptions of Syllis 
species, which hampers the reliable identification of specimens. Moreover, a large part 
of these old type specimens have been lost (e.g. species described by Haswell 1886), 
including the type species of the genus, Syllis monilaris Savigny in Lamarck, 1818. 
Furthermore, there are no clear morphological synapomorphies for the genus and, 
traditionally, Syllis has been considered a mixture of species with no other distinctive 
features (e.g. flattened bodies, claw-shaped or simple chaetae). Finally, in the two 
phylogenetic studies using molecular data, Syllis and Typosyllis appeared as 
paraphyletic, but the results were not conclusive given the lack of support for most of the 
clades (see Aguado et al. 2007; Aguado et al. 2012). Therefore, the phylogenetic 
relationships within both genera, as well as the validity of Typosyllis, still remain 
unsolved. 
 In Australia, most Syllis/Typosyllis species were described by Hartman-Schröder 
(1979, 1980, 1981, 1982, 1983, 1984, 1985, 1986, 1987, 1989, 1990, 1991), but some of 
them where subsequently synonymized, sometimes erroneously, generating more 
confusion within the genus. While other syllid genera from Australia have already been 
reviewed in detail (San Martín, 2005; San Martín & Hutchings, 2006, San Martín et al., 
2008 a, b, 2010; Lattig et al., 2010, the genus Syllis from Australia still needs a thorough 
revision. Based on the material collected during decades by the Australian Museum (AM) 
Australian Syllis Phylogeny and re-descriptions                                     Chapter 1.2 
	
             
67 
staff, we have performed the first attempt to revise the Australian Syllis/Typosyllis fauna. 
Following San Martín (2003), we consider Typosyllis as a Syllis synonymy until a more 
comprehensive revision of the matter is performed. In our study, re-descriptions of seven 
poorly known Australian species are provided: Syllis broomensis (Hartmann–Schröder, 
1979) n. comb., Syllis crassicirrata (Treadwell, 1925) n. comb., Syllis cruzi Núñez & San 
Martín, 1991, Syllis edensis (Hartmann-Schröder, 1989) n. comb., Syllis gracilis Grube, 
1840, Syllis picta (Kinberg, 1866) n. comb., and Syllis setoensis (Imajima, 1966). In 
addition, a phylogenetic hypothesis is provided using multilocus analysis (two 
mitochondrial and one nuclear markers) of 37 species of Syllis including all the species 
redescribed here. 
 
Methods 
Sampling and morphological examination  
The Australian material was collected by the staff of the Marine Invertebrates section of 
the AM during regular fieldwork trips and two different biological surveys (“CReefs 
Lizard Island Expeditions” and “Woodside Kimberley Survey”), between 1984 and 2012 
(see taxonomic section). The specimens were fixed and preserved in 80% ethanol. The 
material from the Philippines and New Zealand was collected by the members of the 
project CGL2009-12292 BOS of the Spanish Ministry of Economy and Knowledge, in 
2010 and 2012 from the intertidal and subtidal zones or using SCUBA diving (see 
taxonomic section), and fixed in 96–100% ethanol. Morphological examination of 
specimens was performed under a Nikon Optiphot light microscope with a differential 
interference contrast system (Nomarsky) at the Universidad Autónoma de Madrid 
(UAM). Using light microscopy, drawings were made to scale with a camera lucida 
attached to a Nikon Optiphot microscope. Width of specimens was measured at the level 
of the proventricle, excluding the parapodia. For scanning electron microscopy (SEM), 
selected specimens were dried via critical point, coated in gold, and observed under a 
Zeiss EVO LS15 SEM with a Robinson Backscatter detector (AM) and a Hitachi S-
3000N electron microscope (SIDI, Servicio Interdepartamental de Investigación, UAM). 
One specimen of each species was also photographed using a Leica MZ16 microscope 
and Spot flex 15.2 camera attached and images of the entire animal were generated using 
a montage program. Descriptions are based only on specimens collected from Australian 
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waters, with occasional comments on additional material, either from Australia or from 
other areas. All the newly collected specimens from the Philippines and New Zealand 
were deposited at the Museo Nacional de Ciencias Naturales de Madrid (MNCN) and 
Museum of Comparative Zoology, Harvard University, Cambridge, Massachusetts 
(MCZ). Comparative material was loaned from the Australian Museum (AM), the 
Hamburg Zoological Museum (HZM), the Swedish Museum of Natural History (SMNH), 
the California Academy of Sciences (CASIZ), the MNCN, and the Insular Museum of 
Natural Sciences of Santa Cruz de Tenerife (TFMC). 
Molecular analyses 
Genomic DNA was extracted from one or two specimens of each of the 5 newly collected 
species (Table 1), using the DNeasy Blood & Tissue Kit (Qiagen), following 
manufacturer’s instructions. Fragments of the nuclear gene 18S rRNA (1691 bp) and the 
mitochondrial 16S rRNA (433 bp) and cytochrome c oxidase subunit I (COI, 629 bp) were 
PCR-amplified. For 18S rRNA, three overlapping pairs of primers were used: 18S1F-
18S4R, 18S3F-18Sbi and 18Sa2.0-18S9R (Giribet et al., 1996; Whiting et al., 1997). 
Primers 16SarL and 16SbrH (Palumbi 1996) were used to amplify 16S rRNA and the 
modified primers with inosine jgLCO1490 and jgHCO2198 (Geller et al. 2013) were 
employed to amplify COI in all specimens. PCR reactions consisted of 1 µL of DNA 
template in 25 µL reaction volumes containing 18 µL H2O; 5 µL 5X USB buffer, 0.25 
µL of each of 10 µM primers, 0.5 µL of 10mM dNTP’s, and 0.13 µL of 1.25 U/µL GOTaq 
DNA Polymerase (Promega). The temperature profile for the 18S rRNA nuclear markers 
was: 95 °C/120 s; (95 °C/30 s; 47 ºC/30 s; 72 ºC/180 s) x 35 cycles; 72 ºC/300 s; for 16S 
rRNA: 95 °C/5 min; (95 °C/30 s; 45 ºC/30 s; 72 ºC/60 s) x 35 cycles; 72 °C/10 min; and 
for COI: 95 °C/15 min; (94 °C/30 s; 45 ºC/70 s; 72 ºC/90 s) x 40 cycles; 72 °C/10 min. 
For cycle sequencing, 10 µL reactions were prepared using 1.5 µL of cleaned template 
DNA for each primer direction using the following protocol: 4.3 µL ultrapure H20, 0.5 
µL 5X BigDye buffer, 3.2 µL 10 µM primer, 1.0 µL of BigDye Terminator v3.1 (Life 
Technologies, ABI). The sequencing reaction temperature profile was: 94 °C/180 s; (94 
°C/10 s; 50 °C/5 s; 60 °C/4 min) x 25 cycles. Sequencing products for each primer were 
precipitated using 3 g Sephadex beads in 45 mL of ultrapure distilled water. Then, 
samples were evaporated and resuspended in 20 µL of formamide. The sequencing 
reaction products were then analyzed using an ABI Prism 3730xl Genetic Analyzer 
(Applied Biosystems). 
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 Sequences were edited in Geneious 6.1.6 (Kearse et al., 2012), where primers 
were removed and overlapping amplicons in 18S rRNA were merged into a consensus 
sequence. The remaining sequences for the alignments were obtained from GenBank, 
including those of the re-described species S. crassicirrata n. comb. and S. edensis n. 
comb. previously sequenced (Table 1). Multiple sequence alignments were run in 
MAFFT version 7 under default parameters (Katoh and Standley, 2013). To remove 
highly variable positions in the nuclear ribosomal markers, Gblocks version 0.91b 
(Castresana, 2002) was used with a maximum of 8 contiguous non-conserved positions 
and 5 as the minimum length of blocks.  
 
Phylogenetic analysis  
In order to assess the phylogenetic position of the seven herein re-described Australian 
species, the newly generated sequences were combined with sequences of another 30 
Syllis species available in GenBank (Table 1). Five species of the related genera 
Branchiosyllis Ehlers, 1887 and Haplosyllis were used as outgroups (Table 1). 
Mitochondrial and nuclear datasets were analysed both individually and concatenated. 
Selection of models of sequence evolution was done using the Akaike information 
criterion (AIC) in JModeltest 2 (Darriba et al. 2012). The best model for the dataset of 
both nuclear and mitochondrial markers was a General Time Reversible (GTR) model of 
sequence evolution with gamma-distributed rates across sites and a proportion of 
invariable sites (GTR+G+I). 
Maximum likelihood (ML) partitioned analyses of the concatenated datasets were 
run in RAxML v. 1.3 (Stamatakis 2006) using the GTR+G+I model. Bootstrap support 
values were estimated using 1000 replicates and 10 starting trees (Stamatakis et al., 2008). 
Bayesian Inference (BI) partitioned analyses were also run with the concatenated datasets 
and the GTR+G+I model, implemented in MrBayes 3.2.1 (Ronquist et al., 2012), and run 
with four Markov chains that were started from a random tree and run simultaneously for 
ten million generations, with trees sampled every 500 generations (samplefreq = 500); 
the initial 25 percent of trees were discarded as burn-in (burninfrac=0.25), after assessing 
for convergence with Tracer v1.6 (Rambaut et al., 2014). The resulted phylogenetic trees 
where plotted in FigTree v1.4.2 (Rambaut, 2014).
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Results 
Taxonomy 
Genus Syllis Savigny in Lamarck, 1818 
For further information about synonimies, and diagnosis of the genus see chapter 1 (Álvarez-
Campos et al., 2015a). 
Type species: Syllis monilaris Savigny in Lamarck, 1818 
Remarks. We herein include the genus Eurymedusa in the list of synonymies, which was 
considered by Hartman (1959) to be synonymous with Trypanosyllis Claparède, 1864, 
and to Odontosyllis Claparède, 1863, although San Martín & Hutchings (2006) 
questioned the approach. We have examined Kinberg’s type material of Eurymedusa 
picta (SMNH 6864) collected in Australia, confirming that it is in fact a species belonging 
to Syllis. 
 
Syllis broomensis Hartmann–Schröder, 1979 n. comb. 
Figs. 1, 2 
Typosyllis (Langerhansia) broomensis Hartmann-Schröder, 1979 
Typosyllis broomensis Licher 1999 
Typosyllis (Langerhansia) cervantensis Hartmann-Schröder, 1981, through synonymy by Licher 
1999. 
 
Material examined. Type specimens. Typosyllis (Langerhansia) broomensis. WESTERN 
AUSTRALIA. Broome, fine sand with detritus, intertidal, 8 Sept 1975, coll. Hartmann-Schröder, 
2 paratypes (HZM P-15465). Non-type specimens. AUSTRALIA. QUEENSLAND. Lizard 
Island, High Rock, 14°49'34"S, 145°33'08"E, sand, 20 m depth, 11 Sept 2010, CReefs Lizard 
Island Expedition, 1 specimen (AM W41705). Calliope River, 23°49'S, 151°13'E, 1974, 1 
specimen mounted for SEM (AM W42547.001). WESTERN AUSTRALIA. Cassini Island, 
13°57'22"S, 125°37'23"E, fore-reef slope, coral rubble, 11 m depth, 15 Oct 2010, Woodside 
Kimberley Survey 2010, 1 specimen (AM W42539). Southeast end of Long Island, Goss Passage, 
28°28'48"S, 113°46'30"E, dead coral embedded in calcareous substrate, 30 m depth, 22 May 
1994, 1 specimen (AM W46277). Exmouth Gulf, beach at north end of Bundegi Reef, 21°49'S, 
114°11'E, rocky rubble, coralline algae with green epiphyte, 1–2 m depth, 4 Jan 1984, 2 
specimens (AM W46281). PHILIPPINES. LUZON ISLAND. “Sepok Wall”, between Balayan 
Bay and Batangas Bay, 13º41'02"N, 120º53'45"E, coral rubble, 6–13 m depth, 10 Dec 2010, 1 
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specimen (MNCN 16.01/16868). NEW ZEALAND. Kermadec Islands, Raoul Island, Kermadec 
Biodiscovery Expedition, 2011: “Fishing Rock” landing, 29°15'03"S, 177°54'12"W, under 
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boulders in rockpools, algal turf, 1 m depth, 18 May 2011, 5 specimens (AM W42559); “Fishing 
Rock” 29°15'03"S, 177°54'12"W, under boulders in rockpools, some loose rocks and coral cover 
in pool, 1 m depth, 18 May 2011, 5 specimens (AM W42560; South side of Te Konui Point, 
29°18'32"S, 177°53'45"W, base of boulders with coarse sand and gravel, tufting algae, 21 m 
depth, 14 May 2011, 2 specimens (AM W42561). 
Morphologically similar species. Syllis garciai (Campoy, 1982). SPAIN. Almería, Playa de los 
Genoveses, Cabo de Gata, 4 m depth, Nov 1986, 1 specimen (MNCN 16.01/6998). Syllis 
yallingupensis (Hartmann-Schröder, 1982), 9 Jul 1993, BANGAWW NT316, 2 specimens (AM 
W29546). 
Description. Longest complete specimen examined 5 mm long, 0.25 mm wide, with 50 
segments. Slender elongated body, lacking colour patterns. Oval prostomium, with two 
pairs of red eyes in open trapezoidal arrangement, anterior ones slightly larger than 
posterior ones (Fig. 1A), and 2 anterior eyespots. Median antenna inserted near posterior 
margin of prostomium, between posterior eyes, longer than the combined length of 
prostomium and palps, with 19–23 articles (Figs 1A, 2A–B); lateral antennae distinctly 
shorter, inserted close to anterior margin of prostomium, with 17–19 articles (Figs 1A, 
2A–B). Triangular palps, longer than prostomium, fused at base, with distinct median 
groove. Nuchal organs forming a ciliary groove between prostomium and peristomium 
(Fig. 2B). Peristomium slightly shorter than subsequent segments. Dorsal tentacular cirri 
longer than antennae, with 24–26 articles, ventral ones shorter, with 10–12 articles (Figs 
1A, 2A). Dorsal cirri of anteriormost segments with 22–24 articles. Dorsal cirri of 
midbody and posterior chaetigers alternating long (11–21 articles) and short (9–11 
articles) (Figs 1A, 2A). Digitiform, elongated ventral cirri, inserted proximally and 
reaching distal end of parapodia. Anterior and midbody parapodia with about nine 
heterogomph falciger chaetae, posterior parapodia with four to five chaetae. Parapodia 
throughout with one to three dorsal pseudospiniger chaetae, unidentate, with long and 
thin spines on margin; blades about 84 µm long on anterior and midbody parapodia and 
104 µm long on posterior ones (Figs 1C, E, 2C, E, G). Remaining compound chaetae 
shorter, with bidentate blades, both teeth similar, and long, fine, slightly curved spines on 
margin, reaching level of proximal tooth; blades and shafts of posterior chaetae shorter 
and wider than those from anterior and midbody parapodia, with shorter spines on cutting 
edge (Figs 1D, F, 2D, F, G). Thick, smooth, distally bidentate dorsal simple chaetae on 
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posterior parapodia only (Fig. 1I). Ventral simple chaetae not seen. Anterior parapodia 
each with 4–5 aciculae, distally straight or slightly curved (Fig. 1G); midbody parapodia  
       
 
Figure 1. Syllis broomensis (Hartmann-Schröder, 1979) n. comb. (AM W46281). A, anterior end, dorsal 
view. B, long and short dorsal cirri, midbody segments. C, pseudospiniger chaeta, anterior parapodium. D, 
falciger chaetae, anterior parapodium; E, pseudospiniger chaeta, midbody-posterior parapodium. F, falciger 
chaetae, midbody-posterior parapodium. G, aciculae, anterior parapodium. H, aciculae, midbody 
parapodium. I, dorsal simple chaeta. J, acicula, posterior parapodium. Scale: A–B, 0.2 mm; C–J, 20 µm. 
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with two aciculae each, one straight, slightly curved and other acuminate, distally pointed 
(Fig. 1H); each posterior parapodium with single, acuminate, distally pointed acicula 
(Fig. 1J). Pharynx through 6–8 segments; pharyngeal tooth on anterior margin (Fig. 1A). 
Proventricle extending through 7–8 segments, with about 30 rows of muscle cells (Fig. 
1A). Pygidium conical with two short anal cirri and median stylus. 
  
Figure 2. Syllis broomensis (Hartmann-Schröder, 1979) n. comb. Scanning Electron Micrographs (AM 
W42547). A, anterior end, dorsal view. B, prostomium, dorsal view. C, compound chaetae, anterior 
parapodium; D, falciger chaetae, anterior parapodium. E, compound chaetae, mid-posterior parapodium. F, 
falciger chaetae, mid-posterior parapodium. G, compound chaetae, posterior parapodium. 
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Remarks. The AM specimens seemed to be juveniles, but their morphology agree with 
the examined paratypes (HZM P-15465) and with Licher’s (1999) re-description, except 
for the smaller size, the pseudospiniger chaetae that are slightly shorter on anterior 
parapodia, and the smaller number of aciculae per parapodium; the proventricle of one of 
the paratypes was also larger (through 10 segments) than those of our specimens. The 
specimens collected in the Philippines also agreed with the type material, except for the 
length of the dorsal cirri being shorter in the former, with 17–18 articles. All the 
differences found in our specimens could indicate intraspecific variability depending on 
the ontogenetic stage of the specimens, or it could also mean that they are different, 
geographically distant species. The most similar species in terms of morphology to S. 
broomensis n. comb. is the Mediterranean S. garciai (Campoy, 1982) and the Australian 
S. yallingupensis (Hartmann-Schröder, 1982). The former only differs in the presence of 
a ventral simple chaetae on posterior parapodia and the latter in the length of dorsal blades 
(shorter than those from S. broomensis n. comb.), the number and shape of aciculate (see 
Licher 1999 for comparison) and the absence of dorsal simple chaetae in posterior 
parapodia.  
Habitat. Mainly in coral rubble, coarse sand and algae.  
Distribution. Australia (Queensland, Western Australia, New South Wales), the 
Philippines, New Zealand (first record). 
 
Syllis crassicirrata (Treadwell, 1925) n. comb. 
Figs. 3, 4 
Typosyllis crassi-cirrata Treadwell, 1925: 113, Fig. 10A–C. 
Typosyllis crassicirrata — Hartman 1966: 198; Licher 1999: 196, Fig. 85. 
Typosyllis (Typosyllis) crassicirrata — Hartmann-Schröder, 1979: 90, Figs 62–66; 1980: 49; 
1981: 25; 1987: 33; 1989: 20; 1992: 53. 
Non Typosyllis magnapalpa Hartmann-Schröder, 1978 (contra Licher 1999). 
Typosyllis (Typosyllis) krohni non Ehlers, 1864 — Hartmann-Schröder, 1991: 28–29 (in part 
only). 
 
Material examined. Non-type specimens. AUSTRALIA. QUEENSLAND. Lizard Island, 
CReefs Expedition: Yonge Reef, 14°34'40"S, 145°37'E, 8 m depth, 10 Sept 2010, 1 specimen  
(AM W41236); Turtle Beach, 14°39'09"S, 145°27'03"E, coral rubble, 9.5 m depth, 7 Sept 2010, 
3 specimens (AM W41709); MacGillivray Reef, 14°39'23"S, 145°29'31"E, coral rubble, 22 m 
depth, 29 Aug 2010, 1 specimen (AM W41710); Watsons Bay, 14°39'26"S, 145°27'03"E, coral 
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rubble, 4.5 m depth, 28 Aug 2010, 2 specimens (AM W41711); Coconut Beach reef platform, 
14°41'03"S, 145°28'E, coral rubble, intertidal, 25 Aug 2010, 2 specimens (AM W41712). Heron 
Island, CReefs Expedition: “Twin Peaks”, outer fore-reef, 23°28.341'S 151°57.028'E, 2 m depth, 
13 Nov 2009, 2 specimens (one mounted for SEM) (AM W46276). NEW SOUTH WALES. 
Esmeralda Cove, Broughton Island, 32°37'12"S, 152°19'E, kelp holdfast, 11 May 1978, 2 
specimens (AM W46279). Off Coffs Harbour, 50 m west of Split Solitary Island, 30°14'S, 
153°10'48"E, sponges and ascidians on rocks, 15–17 m depth, 7 Mar 1992, 1 specimen (AM 
W46285). East of Burrill Rocks, surface of sponges, 18–19 m depth, 1 May 1997, 3 specimens 
(AM W46282). VICTORIA. Port Phillip Bay, under Half Moon Pier, 38°06'11"S, 144°26'15"E, 
rock covered with epibionts, 1 m depth, 9 Feb 2010, 1 specimen (AM W42514). WESTERN 
AUSTRALIA. Woodside Kimberley Survey: Cassini Island, mid-littoral reef platform, 
13°56'01"S, 125°37'09"E, 25 Oct 2010, 1 specimen (AM W42513); Montgomery Reef, mid-
littoral fore-reef ramp, 15°52'35"S, 124°19'48"E, intertidal, 20 Oct 2009, 2 specimens (AM 
W42517); same locality, mid-littoral channel ramp, 15°57'35"S, 124°16'09"E, coral rubble, 22 
Oct 2009, 2 specimens (AM W42524); same locality, mid-littoral fore-reef ramp, 15°53'54"S, 
124°10'54"E, intertidal, 21 Oct 2009, 1 specimen (AM W42525). Cape Range National Park, 
inshore limestone reef off Ned’s Camp, 21°59'S, 113°55'E, Caulerpa sp., 1 m depth, 2 Jan 1984, 
1 specimen (AM W46278); same locality, intertidal, Caulerpa sp. 1 specimen (AM W46284). 
NEW ZEALAND. NORTH ISLAND. Cavalli Islands, Rainbow Warrior wreck, 36° 50′ 32.66″ 
S, 174° 46′ 17.68″ E, Aglaophenia sp. hydrozoans, 25 m depth, 1 Feb 2012, 1 specimen (MNCN 
16.01/16869). 
Additional specimens. Typosyllis (Typosyllis) crassicirrata. WESTERN AUSTRALIA. Broome, 
coll. and id. G. Hartmann-Schröder, 1 specimen (HZM P–1662). 
Morphologically similar species. Typosyllis (Typosyllis) magnapalpa,  HAWAII. Maui, Paiia, 
algae with Enteromorpha, Mytilus and detritus, 19 May 1959, Holotype (HZM P–14471). Syllis 
variegata. SPAIN, NW Mallorca Island, 39º45'80"N, 02º33'51"E, 74-72 m depth, 25 Jun 1994, 1 
specimen (MNCN 16.01/8440); Galicia, O’ Grove, 42°29'43"N 8°51’51”W, 1 specimen 
(MNCN/ADN 9619). Typosyllis (Typosyllis) krohni. AUSTRALIA. QUEENSLAND. Heron 
Island, North Reef, coralline sand, 4 Feb 1976, coll. and id. G. Hartmann-Schröder, 13 specimens 
(HZM P-21006). 
Description. Longest complete examined specimen 8 mm long, 0.45 mm wide, with 72 
segments, one stolon attached, with 28 segments (Figs 3A, 4A). Large, robust body, some 
specimens dark and others yellowish, with 3–4 red-brown dorsal stripes on each segment, 
and some irregular spots on prostomium and appendages (Fig. 4A–B). Oval prostomium
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Figure 3. Syllis crassicirrata (Treadwell, 1925) n. comb. (AM W46279). A, anterior end, dorsal view. B, 
falciger chaetae, anterior parapodium. C, falciger chaetae, midbody. D, falciger chaetae, posterior 
parapodium. E, dorsal simple chaeta. F, ventral simple chaeta. G, aciculae, anterior parapodium. H, 
aciculae, midbody parapodium. I, acicula, posterior parapodium. Scale: A, 0.4 mm; B–I, 20 µm. 
 
with two pairs of reddish eyes in trapezoidal arrangement, anterior ones slightly larger 
than posterior ones (Fig. 3A). Median antenna inserted in the middle of prostomium, 
between posterior pair of eyes, longer than combined length of prostomium and palps, 
with 20–22 articles; lateral antennae slightly shorter, inserted on anterior margin of 
prostomium, with 15–17 articles (Figs 3A, 4B–C). Triangular palps, longer than 
prostomium, fused at base, with distinct median groove (Fig. 4C). Two ciliary bands on 
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lateral anterior edges of peristomium (Fig. 4D). Peristomium slightly shorter than 
subsequent segments, usually covering posterior part of prostomium (Figs 3A, 4B–C). 
Dorsal tentacular cirri longer than antennae, with 25–27 articles, ventral ones shorter, 
with 16–18 articles. Dorsal cirri of anterior segments distinctly thick, usually coiled over 
dorsum, covering prostomium and anterior segments (Figs 3A, 4A–C), with 30-35 
articles. Midbody and posterior dorsal cirri shorter and thinner than anterior ones, with 
about 20–24 articles. Digitiform ventral cirri, inserted proximally, reaching distal end of 
parapodia (Fig. 4A). Anterior parapodia with 12–14 heterogomph falciger chaetae each, 
blades dorsoventrally decreasing in length (44–26 µm); bidentate blades, with similar 
teeth, short spines on margin; shafts with few distal spines (Figs 3B, 4E). Seven to nine 
heterogomph falciger chaetae on midbody parapodia, similar to those of anterior ones, 
but with less marked dorsoventral gradation in length of blades (35–27 µm); bidentate 
blades with distal tooth slightly larger than proximal one, and long spines on margin (Figs 
3C, 4F). Posterior parapodia with 6–8 heterogomph falciger chaetae, blades strongly 
bidentate, with short spines on margin; shafts smooth, with an enlarged spur, more 
marked on ventral chaetae. Dorsoventral gradation in length of blades less evident (28–
20 µm) (Figs 3D, 4G–H). Dorsal and ventral simple chaetae on posterior parapodia only, 
bidentate, with short distal spines (Fig. 3E–F). Anterior parapodia with about 6 aciculae 
each, three pointed, two distally blunt and one distally curved at tip (Fig. 3G); midbody 
parapodia with two distally pointed aciculae each, one protruding from parapodial lobes 
(Fig. 3H); posterior segments with one blunt, slightly acuminate acicula per parapodium 
(Fig. 3I). Pharynx similar in length or shorter than proventricle, through 12 segments; 
conical tooth on anterior margin (Fig. 3A). Proventricle extending through 15 segments, 
with about 39 rows of muscle cells (Fig. 3A). Pygidium conical with two anal cirri and a 
short median stylus. 
Reproduction. Scissiparity (gemmiparity).  Non mature stolon attached to the stock, 
white pale in colour with three brown lines on each segment not reaching the parapodia, 
the first one much more marked than the other two, 3.3 mm long, 0.5 mm wide with 28 
segments (Fig. 4A).
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Figure 4. Syllis crassicirrata (Treadwell, 1925) n. comb. (AM W46276). A, Complete specimen, lateral 
view. B, prostomium, dorsal view. Scanning Electron micrographs: C, prostomium, dorsal view. D, nuchal 
organs and detail of peristomium. E, falciger chaetae, anterior parapodium. F, falciger chaetae, midbody 
parapodium. G, dorsalmost falciger chaetae, posterior parapodium. H, ventralmost falciger chaetae, 
posterior parapodium. 
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Remarks. The morphology of the specimens agreed with previously published 
descriptions, except for the spinulation in the midbody chaetae that was not mentioned in 
Licher’s (1999) redescription. The species is characterized by its large and robust body 
(up to 17.2 mm long, with 115 chaetigers, following Licher 1999), its remarkable 
colouration in well-preserved specimens, the thick anterior cirri, and the protruding and 
thick aciculae in the midbody parapodia. The AM specimens only differ from those 
collected in New Zealand in their colouration since the latter present black stripes instead 
of the red-brown ones of the Australian material. Syllis variegata Grube, 1860 is the most 
similar species morphologically, but it has a narrower body, with fewer aciculae in the 
anterior parapodia and without the spurs on the shafts of posterior chaetae (Fig. 3D). After 
examining the holotype of S. magnapalpa, we concluded that the synonymy with S. 
crassicirrata (Licher 1999) is not valid, since the chaetae of the former are almost 
unidentate, instead of distinctly bidentate as in the latter. Furthermore, we also conclude 
that the specimen identified as Typosyllis (Typosyllis) krohni by Hartmann-Schroder 
(1991) from Heron Island, belongs in fact to S. crassicirrata n. comb. and the specimen 
identified as S. variegata by Aguado et al. (2012) from Galicia (Spain) belongs to S. 
compacta Gravier, 1900. 
Habitat. Algae, coarse sediment. 
Distribution. Hawaii, Polynesia, Australia (Queensland, New South Wales, Western 
Australia, Victoria).  
 
Syllis cruzi Núñez & San Martín, 1991 
Figs. 5, 6 
Syllis cruzi Núñez & San Martín, 1991: 238, Fig. 2. San Martín 2003: 397, Figs 217, 218. 
Typosyllis cruzi.— Licher 1999: 169, Fig. 75. 
 
Material examined. Type specimens. SPAIN. Tenerife. Agua Dulce, 28º11'22"N, 16º25'34"W 
Corticium camdelabrum sponge, 5 m depth, 1991, Holotype (TFMC AN 0180);  Candelaria, 
28º21'20"N, 16º22'18"W Dendrophyllia ramea, 115 m depth, 1991, 1 paratype (TFMC AN 0187); 
Barranco Hondo, 28º23'54"N, 16º21'27"W Dendrophyllia ramea, 113 m depth, 1991, 1 paratype 
(TFMC AN 0188). Non-type specimens. SPAIN. COLUMBRETES ISLANDS. North of 
Columbrete Grande, 29º54’02"N, 00º41’15"E, 47 m depth, coll. Fauna Ibérica III (1994), 12 Jul 
1994, 1 specimen (MNCN 16.01/6744). BALEARES ISLANDS. Mallorca Island, Punta de La 
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Foradada, 39º45'80"N, 02º33'51"E, 74 m, 1 specimen (MNCN 16.01/6745). AUSTRALIA. 
QUEENSLAND. Lizard Island, MacGillivray Reef, 14°38'52"S, 145°29'12"E, coral rubble and 
coarse sand, 14 m depth, 31 Aug 2010, CReefs Lizard Island Expedition 2010, 1 specimen 
mounted for SEM (AM W41692.001). WESTERN AUSTRALIA. Woodside Kimberley Survey, 
2009: Adele Island, Montgomery Reef, 15°33'28"S, 123°08'02"E, 12.5 m depth, 18 Oct 2009, 1 
specimen (AM W41665). Woodside Kimberley Survey 2010: Cassini Island, lower mid-littoral 
reef platform, 13°57'06"S, 125°37'27"E, 3 m depth, 18 Oct 2010, 1 specimen (AM W42527). 
Goss Passage, Beacon Island, 28°25'S, 113°47'E, dead plates of Acropora sp. covered with algae, 
8 m depth, 22 May 1994, 1 specimen (AM W46280). PHILIPPINES. PALAWAN ISLAND. 
“Twin Rocks”, El Nido, 11º17'50"N, 119º19'06"E, coral rubble, 3–17 m depth, 17 Dec 2010, 1 
specimen (MCZ 25423). 
Morphologically similar species. Syllis yallingupensis (Hartmann-Schröder, 1982), Australia, 
Northern Territory, Darwin Harbour, Bangalow, 12°27'18"S, 130°46’00”E, intertidal sand, 9 Jul 
1993, 3 specimens (AM W29546). 
Description. Longest complete specimen 9.5 mm long, 0.8 mm wide, with 53 segments. 
Smaller specimens slender (Fig. 5A), Larger specimens robust (Fig. 6A). Usually lacking 
colouration, but one specimen with a thin, brown-reddish dorsal line on some anterior 
body segments. Oval prostomium with two pairs of red eyes in trapezoidal arrangement, 
and sometimes a pair of anterior eyespots (Figs 5A, 6A–B). Median antenna inserted in 
the middle of prostomium, between posterior eyes, longer than combined length of 
prostomium and palps, with 18–20 articles, fewer articles in small specimens (Figs 5A, 
6A–B); lateral antennae inserted in front of anterior eyes, with 14–15 articles (Figs 5A, 
6A–B). Triangular palps, slightly longer than prostomium (Fig. 5A). Nuchal organs as 
two cilliary bands between prostomium and peristomium (Figs 5A, 6C). Peristomium 
slightly shorter than subsequent segments (Figs 5A, 6B). Dorsal tentacular cirri with 16–
17 articles, ventral ones shorter, with 10–12 articles (Figs 5A, 6A–C). Dorsal cirri long 
(Fig. 6A–B), with 25–27 articles (shorter in juvenile specimens, Fig. 5A), alternating long 
and short cirri in midbody and posterior segments. Anterior parapodia each with 8–9 
heterogomph falciger chaetae (Figs 5B, 6D); bidentate blades, both teeth similar, or 
proximal tooth slightly larger than distal one, short spines on margin; one or two distal 
spines longer, reaching proximal tooth (Figs 5B, 6D); shafts with few and short distal 
spines (Figs 5B, 6D). Midbody and posterior parapodia each with 5–7 heterogomph 
falciger chaetae, with shorter blades than those in anterior chaetigers, proximal tooth
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Figure 5. Syllis cruzi Núñez & San Martín, 1991 (AM W46280). A, anterior end, dorsal view (juvenile 
specimen). B, falciger chaetae, anterior parapodium. C, falciger chaetae, posterior parapodium. D, dorsal 
simple chaeta. E, ventral simple chaeta. F, aciculae, anterior parapodium. G, acicula, posterior parapodium. 
Scale: A, 0.1 mm; B–G, 20 µm. 
 
 
 
slightly larger than distal one (Figs 5C, 6E–F); one or two distal marginal spines longer 
than remaining, reaching proximal tooth; shafts of ventral chaetae slightly wider that of 
dorsal ones, with few distal spines on margin (Fig. 6F). Dorsoventral gradation in length 
of blades throughout, more obvious on anterior parapodia (28 µm long dorsally, 13 µm 
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ventrally) than on midbody and posterior ones (20 µm long dorsally, 17 µm ventrally). 
Dorsal simple chaetae on posterior parapodia only, unidentate in large specimens (bifid 
to bidentate in small specimens, Fig. 5D). Ventral simple chaetae on posteriormost 
parapodia only, thick, smooth on margin, strongly bidentate, with proximal tooth similar 
or slightly larger than distal tooth (Fig. 5E). Anterior parapodia with 3 aciculae each (2 
in juveniles, Fig. 5F), two straight and one distally knobbed, decreasing in number to only 
one acuminate, distally pointed acicula on posterior parapodia (Fig. 5G). Pharynx and 
proventricle similar in length; pharynx extending through 12 segments (8 in juveniles); 
pharyngeal tooth located on anterior margin (Fig. 5A). Proventricle through 10 segments 
(3–4 segments in juveniles), with about 57 rows of muscle cells (Fig. 5A). Pygidium 
small, with two long anal cirri and small stylus. 
Remarks. The morphology of the juvenile specimens examined agreed with the types 
from the Canary Islands and the Western Mediterranean Sea (which were also small 
specimens), except for the lack of the bidentate dorsal simple chaetae. However, the larger 
specimens illustrated by San Martín (2003, Fig. 218) presented a unidentate dorsal simple 
chaeta as in larger Australian specimens. No previous descriptions mention any colour 
pattern, but in one Australian specimen we have seen very light, brown-reddish thin 
stripes on anterior segments. The absence of colouration may be due to an inadequate 
preservation method, since some authors also pointed out the colouration in living 
specimens (Aguado et al. 2008). Aguado et al. (2008) described the species as Syllis cf. 
cruzi since it also presented some glands on lateral and posterior segments that were not 
present in the Mediterranean or Australian specimens. However, Aguado et al. (2008) 
only found one specimen of Syllis cf. cruzi, and a larger number of specimens should be 
compared in order to confirm that they are the same species. The material collected in the 
Philippines only differs from the Australian one in the dorsoventral gradation in length 
of the blades, which is similar in all parapodia. Once again, we could be facing another 
case of cryptic speciation, which might be solved using a molecular approach. The most 
morphologically similar species to S. cruzi is Syllis yallingupensis, especially in regard to 
the shape of the falciger chaetae, but the latter presents long pseudospiniger chaetae, that 
are absent in S. cruzi.  
Habitat. Sponges, deep-corals communities, coral rubble and coarse sand; from shallow 
waters to about 115 m.
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Figure 6. Syllis cruzi Núñez & San Martín, 1991 (AM W41692). A, anterior end, dorsal view. B, 
prostomium, dorsal view. Scanning Electron micrographs: C, prostomium, dorsal view. D, falciger chaetae, 
anterior parapodium. E, falciger chaeta, midbody parapodium. F, falciger chaetae, posterior parapodium. 
 
 
Distribution. Canary Islands, Mediterranean Sea, Australia (Queensland, Western 
Australia). 
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Syllis edensis Hartmann-Schröder, 1989 n. comb. 
Figs. 7, 8 
Typosyllis (Typosyllis) edensis Hartmann-Schröder, 1989: 22, Figs 20–23; 1990: 46. 
Typosyllis edensis.— Licher 1999: 147, Fig. 65. 
 
Material examined. Type specimens. Typosyllis (Typosyllis) edensis. AUSTRALIA. NEW 
SOUTH WALES. Eden, Quarantine Bay, algae on rocks, intertidal, 2 Jan 1976, 2 paratypes (ZMH 
P-19664). Non-type specimens. AUSTRALIA. NEW SOUTH WALES. Maclean, 29°27'S, 
153°12'E, 18 Jan 1976, coll. & id. G. Hartmann-Schröder, 5 specimens (HMZ P-20173). North 
Kianinny Gutter, Tathra, 36°44'04"S, 149°59'12"E, alga Pterocladia lucida, 5 m depth, 12 Feb 
2003, 1 specimen mounted for SEM (AM W42546.001). Newport Beach, 33°39'S, 151°19'E, 
intertidal, Corallina sp. in rock pools, 22 Jul 2005, 1 specimen (AM W46288). Boat Harbour, 
south of Port Stephens, 32°46'S, 152°06'E, 1–2 m depth, from Galeolaria sp. tubes, 14 Mar 2006, 
1 specimen (AM W46286).  
Morphologicaly similar species. Syllis truncata Haswell, 1920. PHILIPPINES, Maricaban Island, 
Tingloy, Sepok Point, 13°38'56"N, 120°56'35"E, coral rubble, 9 m depth, 15 May 2011, Hearst 
Philippine Biodiversity Expedition, 2009, 1 specimen (CASIZ 187002). Syllis gerlachi 
(Hartmann-Schröder, 1960). SPAIN. Cabo de Gata, Almería, 36°46'N, 2°14'E, Posidonia 
oceanica rizomes, 2 m depth, 26 Mar 1986, 1 specimen (MNCN 16.01/8406). Syllis pulvinata 
(Langerhans, 1881). SPAIN. Denia, Valencia, 38°50'N, 6°24'E, 26 Nov 1997, 6 specimens 
(16.01/8838). Syllis rosea (Langerhans, 1879). SPAIN. Cabrera Island, 39°09'N, 2°56'E, 1 Jul 
1979, 1 specimen (MNCN 16.01/7027). 
Description. Longest complete examined specimen 13 mm long, 0.3 mm wide, with 88 
segments. Body elongated, slender, without colour pattern (Figs 7A, 8A–B). Prostomium 
wider than long, with two pairs of red eyes in trapezoidal arrangement (Figs 7A, 8A–B). 
Median antenna inserted on middle of prostomium, longer than combined length of 
prostomium and palps, with 15–17 articles; lateral antennae shorter, inserted on anterior 
margin of prostomium, with 12–13 articles (Figs 7A, 8B). Triangular palps longer than 
prostomium. Nuchal organs as two ciliary bands between prostomium and peristomium 
(Fig. 8C). Peristomium slightly shorter than subsequent segments (Figs 7A, 8B), with a 
minute band of pores on the midline (Fig. 8D). Dorsal tentacular cirri longer than 
antennae, with 15 articles, ventral ones shorter, with 10 articles. Dorsal cirri, alternating 
long (about 20 articles) and short (14–15 articles) on midbody and posterior segments
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(Figs 7A, 8B). All chaetigers with morphologically similar heterogomph falciger chaetae, 
with 1–2 pseudospiniger chaetae with bidentate blades, distal tooth slightly larger than  
 
Figure 7. Syllis edensis (Hartmann-Schröder, 1989) n. comb. (AM W41625). A, anterior end, dorsal view. 
B, pseudospiniger chaeta, midbody. C, falciger chaetae, midbody parapodium. D, dorsal simple chaeta, 
posterior parapodium. E, acicula, posterior parapodium. Scale: A, 0.1 mm; B–E, 20 µm. 
 
 
 
proximal one, distally blunt spines on margin (Figs 7B–C, 8F–I). Five to six chaetae on 
anterior and midbody parapodia and 3–4 on posterior ones with distinctly shorter blades, 
bidentate, short spines on margin; blades of chaetae throughout with dorsoventral 
gradation in length (75–50 µm on anterior chaetigers, 22–11 µm on midbody and 
posterior ones) (Figs 7B–C, 8F–H). Posteriormost chaetae shorter and wider than anterior 
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ones (Fig. 8H–I). Dorsal simple chaetae on posterior parapodia only, distally truncate, 
with few spines on margin (Figs 7D, 8I). Ventral simple chaetae not seen. Anterior  
 
Figure 8. Syllis edensis (Hartmann-Schröder, 1989) n. comb. (AM W42546). A, anterior end, dorsal view. 
Scanning Electron Micrographs: B, anterior end, dorsal view; C, nuchal organs; D, detail of band of pores 
on midline of peristomium. E, pharynx with crown of papillae, ventral view. F, compound chaetae, anterior 
parapodium; G, compound chaetae, midbody parapodium; H, compound chaetae, posterior parapodium; I, 
dorsal simple chaeta and falcigers, posterior parapodium.  
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parapodia with two aciculae each, one distally blunt and one distally curved; posterior 
segments with only one distally curved in right angle acicula per parapodium (Fig. 7E). 
Pharynx longer than proventricle, through 12–14 segments; pharyngeal tooth on anterior 
margin, margin surrounded by crown of 11 soft papillae (Figs 7A, 8E). Proventricle 
extending for 4–6 segments, with about 22 rows of muscle cells (Figs 7A, 8A). 
Reproduction. According to Hartmann-Schröder (1989) this species develops cephalous 
stolons with two pairs of eyes and lateral articulated antennae.  
Remarks. The most similar species to Syllis edensis n. comb. are Syllis truncata Haswell, 
1920, S. rosea (Langerhans, 1879), S. pulvinata (Langerhans, 1881) and S. gerlachi 
(Hartmann-Schröder, 1960). All of them share the same type of stolon and the 
morphology of the dorsal simple chaetae and of the aciculae, but they differ in the length 
of the blades, that are shorter than those of S. edensis n. comb. (see Licher 1999, San 
Martín 2003). The type material of S. edensis n. comb. also has a longer proventricle 
(through 8 segments, according to Hartmann-Schröder 1989) than our specimens (4–6 
segments), but this difference can be explained by the larger size of the type specimens 
and the degree of contraction after preservation, since all other characters coincided with 
those in the other material.  
Habitat. Algae, Galeolaria spp. tubes. 
Distribution. Australia (New South Wales). 
 
Syllis gracilis Grube, 1840 
Figs. 9A, B, F1, F2, 10A–E 
Syllis gracilis Grube 1840: 77. Langerhans 1879: 540, figs. 8a-c. Fauvel 1923: 259, figs. 96 f-i. 
Campoy 1982: 368, pl. 31, figs. a-l. Hartmann-Schröder 1996: 150, fig. 65 a-d. 
Syllis (Syllis) gracilis Day 1967: 241, fig. 12.I.m-p. Ben-Eliahu 1977: 7. 
 
Material examined. Non-type specimens. AUSTRALIA. QUEENSLAND. Lizard Island, 
MacGillivray Reef, 14°38'52"S, 145°29'12"E, 10 m depth, 31 Aug 2010, 1 specimen (AM 
W41691); Lizard Island, south of Mermaid Cove, 14°38'53"S, 145°27'00"E, 14.5 m depth, 1 Sep 
2010, 1 specimen (AM W41701); South of Smoky Cape, Black Rocks, 30°56'59"S, 153°04'29"E, 
reef rock encrusted with red and green algal turf, 10.3 m depth, 10 Feb 2002, 1 specimen mounted 
for SEM (AM W33281.001); Cassini Island, fore-reef slope, 13°56'59"S, 125°37'15"E, 11 m 
depth, 17 Oct 2010, 1 specimen mounted for SEM (AM W41619.001). WESTERN AUSTRALIA  
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Figure 9. Syllis gracilis Grube 1840. A, anterior end, dorsal view. B, midbody segments, dorsal view. Syllis 
picta (Kinberg, 1866) n. comb. C, anterior end, dorsal view. D, midbody segments, dorsal view. E, posterior 
segments, dorsal view. F(1), S. gracilis mid-posterior parapodium. (2) mid-posterior ypsiloid chaetae. (3), 
S. picta midbody parapodium. (4) Midbody ypsiloid chaetae and two falciger chaetae. 
 
 
 
Cassini Island, fore-reef slope, 13°56’01”S, 125°37’09”E, hard coals, encrusting soft corals and 
hydroids, 12 m depth, 16 Oct 2010, 1 specimen (AM W41533); Ningaloo Reef, 22°45'24"S, 
113°39'00"E, epifauna under rock, 15 m depth, 17 May 2009, 1 specimen (AM W41633). 
MEDITERRANEAN SEA. Spain, Málaga, Nerja, 36°44’28.85’’N 3°52’47.15’’W, Dec. 1982-
Aug. 1983, id. San Martín, 2003, several specimens (MNCN 16.01/ 8927, 8928, 8936, 8938, 
8948). 
Morphologically similar species. Syllis ypsiloides Aguado, San Martín & Ten Hove, 2008. 
Indonesia, NE coast of Sumba, 09°57'S 120°48'E, sandy bottom, sponges and gorgonians, 50 m, 
1.2 m Agassiz trawl, Snellius II, Sta. 4.068, 16 Sept. 1984, 1 paratype mounted for SEM (ZMA 
V.Pol. 5266). Syllis picta n. comb. (see material studied below).  
Description. Longest examined specimen incomplete, 20 mm long, 0.6 mm wide, with 
66 chaetigers. Body robust, anterior segments pigmented with two thin black lines (Fig. 
9A). Prostomium oval, wider than long, with two pairs of red eyes in trapezoidal 
arrangement (Figs 9A, 10A). Median antenna inserted on middle of prostomium, between 
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anterior pair of eyes, with 15–16 articles (Figs 9A, 10A); lateral antennae shorter, inserted 
at anterior margin of prostomium, with 13–14 articles (Figs 9A, 10A). Palps triangular, 
longer than prostomium. Nuchal organs not seen. Peristomium shorter than subsequent 
segments (Fig. 10A). Dorsal tentacular cirri similar in length to median antenna, with 17–
18 articles, ventral ones shorter with 14–15 articles (Figs 9A, 10A). Anterior dorsal cirri 
with 12–14 articles (Figs 9A, 10A); midbody and posterior dorsal cirri spindle-shape, 
shorter than anterior ones, with 6–8 articles (Figs 9B, F1). Small vesicles observed in 
some midbody cirri (Fig. 9F1). Anterior and midbody parapodia each with 6–8 bidentate, 
falciger chaetae. Bidentate blades with both teeth similar in length, and several spines on 
margin. Blades of dorsalmost falcigers longer than of ventralmost ones in anterior 
parapodia (Fig. 10B, C); spines of blades of midbody falcigers slightly larger than those 
of anterior falcigers (Fig. 10B–D); blades of midbody-posterior parapodia shorter, some 
of them unidentate. Posteriormost parapodia with 2–3 ypsiloid chaetae each, originating 
from fusion of blade and shaft, fusion line only distinguishable in some chaetae (Figs 
9F2, 10E); some parapodia with one falcigerous chaetae with short blade. Four aciculae 
in each anterior parapodia, all of them distally curved; midbody with 2–3 aciculae per 
parapodium, one straight, one distally curved and one distally pointed; only one acicula 
in each posterior parapodia, straight or slightly curved at tip. Pharynx similar in length to 
proventricle, extending through 10–11 segments; conical tooth located on anterior 
margin. Proventricle through 12 segments with about 45 muscle cell rows. 
Remarks. The most similar species to Syllis gracilis, are Syllis ypsiloides Aguado, San 
Martín & Ten Hove, 2008 and Syllis picta n. comb. Both S. ypsiloides and Syllis picta n. 
comb. differ from S. gracilis in the number per parapodium and shape of ypsiloid chaetae, 
since they only present one thin ypsiloid chaetae, with a clearly discernible fusion line 
(see Figs 9F4, 10H–I, and Aguado et al. 2008), whereas S. gracilis presents two thick and 
well-fused ypsiloid chaetae (Figs 9F2, 10E). In addition, Syllis picta n. comb. differs from 
S. gracilis in body width, colour pattern and length of pharynx and proventricle (see 
description below and Figs 9–10). Syllis gracilis and S. picta n. comb present thick and 
short dorsal cirri on midbody segments, instead those from S. ypsiloides that are short and 
slender. Syllis gracilis and S. ypsiloides present two chaetae in midbody parapodia, but 
they both are ypsiloid in the former, whereas S. ypsiloides only has one ypsiloid chaetae 
and the other falcigerous. Syllis picta n. comb. always present three chaetae on midbody 
parapodia, two falcigerous and one ypsiloid.   
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Habitat. Coral rubble, algae. 
Distribution. Apparently worldwide distributed. Australia (New South Wales, 
Queensland, Western Australia). 
 
Syllis picta (Kinberg, 1865) n. comb. 
Figs. 9C–E, F3, F4, 10F–I, 11 
Eurymedusa picta Kinberg, 1865: 249, fig. 4. Non Eurymedusa picta Ehlers, 1904: 21, pl. 3, 
figs. 5-9; 1907: 7. 
Syllis (?Synsyllis) gracilis Non Grube, 1840, Augener 1927 : 148. 
Syllis (Typosyllis) gracilis Non Grube, 1840 Augener 1913: 206. Haswell 1920: 97, pl. 10, fig. 
15. 
Non Syllis picta Grube, 1870: 499. 
Syllis gracilis australiensis Hartmann-Schröder, 1979: 87, figs. 46-48; 1980: 49; 1989: 18. 
 
Material examined. Type specimens. Eurymedusa picta. NEW SOUTH WALES. Port Jackson, 
33°54'S, 151°11’E, 1866, coll. Kinberg, syntype (SMNH 6864). Non-type specimens. 
AUSTRALIA. QUEENSLAND. Lizard Island, High Rock, 14°49'34"S, 145°33’08”E, coral 
rubble, 20.1 m depth, 11 Sept 2010, 1 specimen mounted for SEM (AM W41634.001); Lizard 
Island, south of Mermaid Cove, 14°38'53"S, 145°27'0"E, 14.5 m depth, 1 Sept 2010, 1 specimen 
(AM W41708); Lizard Island, Bommie Bay, 14°39'35"S, 145°28'16"W, coral rubble, 10.5 m 
depth, 9 Sept 2010, 2 specimen (AM W41720, AM W41721), Lizard Island, MacGillivray Reef, 
14°38'52"S, 145°28'16"W, coral rubble, 14 m depth, 31 Aug 2010 (AM W41726); Lizard Island, 
south of Mermaid Cove, 14°38'53"S, 145°27'00"W, coral rubble, 14.5 m depth, 1 Sept 2010, 5 
specimens (AM W41727, W42422– W42425); Lizard Island, MacGillivray Reef, 14°39'23"S, 
145°29'31"W, coral rubble, 22 m depth, 29 Aug 2010, 3 specimens (AM W41729, W42426, 
W42427); Lizard Island, Outer Yonge Reef, Great Barrier Reef, 14°36’00”S, 145°38'00"E, coral 
rubble, 30 m depth, 24 Jan 1977, 5 specimens (AM W48036). NEW SOUTH WALES. Burrill 
Rocks, NSW 1278, 1 May 1997, 1 specimen (AM W29509). Golf course bommie, 500 m north-
east of Ulladulla Head, 35°20'29"S, 150°29'12"E, gravel around base of boulders, 15 m, 2 May 
1997, 3 specimens (AM W48037). WESTERN AUSTRALIA. Long Reef, sublittoral reef inner 
lagoon, 13°54'56"S, 125°46'28"E, 2 m depth, 22 Oct 2010, 1 specimen (AM W.41618); Cassini 
Island, fore-reef slope, 13°55'56"S, 125°37'06"E, hard corals, encrusting soft corals and hydroids, 
12 m depth, 16 Oct 2010, 1 specimen (AM W41632); Montgomery Reef, mid-littoral 
containment, 15°56'40"S, 124°16'00"E, coral rubble, 0 m depth, 22 Oct 2009, 1 specimen (AM 
W42433); Montgomery Reef, lower-littoral fore-reef terrace, 15°51'19"S, 124°18'52"E, coral 
rubble and coarse sand, 0 m depth, 20 Oct 2009, 1 specimen (AM W42441); Montgomery Reef, 
mid-littoral reef terrace, 15°52'44"S, 124°19'36"E, coral rubble and sand, 0 m depth, 20 Oct 2009,  
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Figure 10. Scanning Electron Micrographs: Syllis gracilis Grube 1840. A, anterior end, dorsal view. B, 
dorsalmost falciger chaeta, anterior parapodium. C, ventralmost falciger chaetae, anterior parapodium. D, 
falciger chaetae, midbody parapodium. E, ypsiloid chaetae, mid-posterior parapodium. Syllis picta Kinberg, 
1866) n. comb. F, anterior end, dorsal view. G, falciger chaetae, anterior parapodium; H, ypsiloid and 
falciger chaetae, midbody parapodium. I, ypsiloid and falciger chaetae, posterior parapodium. 
 
 
 
3 specimens (AM W42442–W42444); Montgomery Reef, mid-littoral fore-reef ramp, 
15°53'54"S, 124°10'54"E, Thalassia sp., 0 m depth, 21 Oct 2009, 1 specimen (AM W42445); 
Montgomery Reef, mid-littoral channel ramp, 15°57'35"S, 124°16'09"E, algal turf, small tidally 
bossed coral colonies, 0 m depth, 1 specimen (AM W42446); Adele Island, mid-littoral reef 
platform, 15°29'28"S, 124°16'00"E, coral rubble covered with Padina sp., 0 m depth, 20 Oct 
2009, 7 specimens (AM W.42434–W42440); Montgomery Reef, mid-littoral fore-reef ramp, 
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15°52'35"S, 124°19'48"E, coral rubble, 0 m depth, 20 Oct 2009, 8 specimens (AM W42448–
W42455); Adele Island, sublittoral fore-reef slope, 15°33'28"S, 123°08'02"E, 12.5 m depth, 18 
Oct 2009, 1 specimen (AM W42447); Montgomery Reef, mid-littoral reef terrace, 15°52'44"S, 
124°19'36"E, coral rubble and sand, 0 m depth, 20 Oct 2009,  2 specimens (AM W42456, 
W42457); Montgomery Reef, subtidal lower terrace, 15°58'05"S, 124°16'55"E, coral rubble and 
coralline sand, 0 m depth, 22 Oct 2009, 1 specimen (AM W42459); Goss Passage, north end of 
Long Island, 28°28'18"S, 113°46'18"E, dead coral covered in coralline algae, 8 m, 22 May 1994, 
20 specimens (AM W48038); north end of Long Island, Goss Passage, 28°27'54"S, 113°46'18"E, 
dead coral covered in coralline and brown algae, 5 m depth, 22 May, 1994, 1 specimen (AM 
W48039); Goss Passage, south east end of Long Island, 28°28'48"S, 113°46'30"E, dead coral in 
calcareous substrate, 30 m, 22 May 1994, 6 specimens (AM W48040); Kimberley region, East 
Montalivet Island, 15°06’00”S, 125°18'00"E, intertidal, 6 m depth, 16 July 1988, 17 specimens 
(AM W48041); Kimberley region, south side of North Slate Island, 15°32’00”S, 124°24’00"E, 
lower intertidal rocks, 9 July 1988, 3 specimens (AM W48042); off south end of Long Isl´ç+, 
Beacon Island, 28°28'48"S, 113°46'18"E, dead coral covered in coralline algae, 4–5 m, 25 May 
1994, 1 specimen (AM W48043); Goss Passage, south east end of Long Island, 28°28'48"S, 
113°46'30"E, dead coral covered in coralline algae, 8 m, 22 May 1994, 3 specimens (AM 
W48044); Houtman Abrolhos, Beacon Island, Goss Passage, 28°25'30"S, 113°47’00”E, dead 
coral plates covered in coralline algae, 8 m, 22 May 1994, 1 specimen (AM W48045); Kimberley 
region, Long Reef, 13°58'00"S, 125°38'00"E, 25 m depth, 17 Jul 1988, 1 specimen (AM 
W48046); Kimberley region, west side of Cassini Island, 13°57'00"S, 125°37'00"E, 18 Jul 1988, 
2 specimens (AM W29540). NORTHERN TERRITORY. Darwin Harbour, off Nightcliff, Old 
Man's Rock, 12°28'30"S, 130°54’12"E, coral rubble, sponges and hydroids, 5–7 m depth, 17 July 
1993, 2 specimens (AM W29506); Lee Point, Darwin Harbour, 12°20'00"S, 130°53'48"E, coral 
rubble, 3 m depth, 11 July 1993, 2 specimens (AM W48047).  
Morphologically similar species. Syllis gracilis and Sylis ypsiloides (see material examined 
above) 
Description. Longest examined specimen incomplete, 23 mm long, 0.25 mm wide, with 
53 chaetigers. Body slender, anterior segments pigmented, each with one reddish-orange, 
transversal line (Fig. 9C). Prostomium oval, wider than long, with two pairs of red eyes  
in trapezoidal arrangement (Figs 9C, 10F, 11A). Median antenna inserted on middle of 
prostomium, between anterior pair of eyes, with 12–13 articles (Figs 9C, 10F, 11A); 
lateral antennae shorter, inserted at anterior margin of prostomium, with 8–9 articles (Figs 
9C, 10F, 11A). Palps triangular, longer than prostomium. Nuchal organs not seen. 
Peristomium slightly shorter than subsequent segments. Dorsal tentacular cirri similar in  
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Figure 11. Syllis picta (Kinberg, 1866) n. comb. A, anterior end, dorsal view. B, detail of midbody dorsal 
cirri. C, falciger chaetae, anterior parapodium. D, falciger chaetae, posterior parapodium. E, dorsal simple 
chaeta, posterior parapodium. F, ventral simple chaeta, posterior parapodium. G, aciculae, anterior 
parapodium. H, aciculae, midbody parapodium. I, acicula, posterior parapodium. Scale: A–B, 0.1 mm; C–
I, 20 µm. 
 
 
length to median antenna, with 13–14 articles, ventral ones shorter with 10–11 articles 
(Figs 9C, 10F, 11A). Anterior dorsal cirri with 12–14 articles (Figs 9C, 10F, 11A); 
midbody and posterior dorsal cirri spindle-shaped, shorter than anterior ones, with 9–11 
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articles (Figs 9D–E, F3, 11B). Anterior parapodia with 8–10 bidentate, falciger chaetae. 
Bidentate blades with both teeth similar in length, and several spines on margin (Figs 
10G, 11C). Each midbody and posterior parapodia with three chaetae, with shorter blades 
and enlarged shafts: 1–2 ypsiloid chaetae, originated from fusion of blade and shaft, 
fusion line distinguishable (Figs 9F4, 10H–I); and 1–2 falcigers slightly bidentate (Fig. 
10I, 11D). Some posteriormost parapodia presenting dorsal and ventral simple chaetae, 
slightly bidentate, with spines on margin (Fig. 11E–F). Three to four straight aciculae in 
each anterior parapodia (Fig. 11G); midbody parapodia with two aciculae each, one 
distally pointed and other distally blunt (Fig. 11H); posterior parapodia with only one 
distally blunt acicula each (Fig. 11I). Pharynx much longer than proventricle, extending 
through 17–18 segments (Figs 9C, 11A); conical tooth located on anterior margin. 
Proventricle through 5 segments with about 32 muscle cell rows (Figs 9C, 11A). 
Remarks. Morphological differences between S. picta n. comb. and S. gracilis have been 
described above. The main differences with S. ypsilodes are the number per parapodium 
and shape of midbody chaetae, since S. ypsilodes presents only two chaetae, one 
unidentate falciger and one ypsiloid chaetae, whereas S. picta n. comb. presents three 
chaetae, one or two falcigers sometimes slightly bidentate and one ypsiloid chaeta 
(compare Fig. 10–I and Aguado et al. 2008 for comparisons). Syllis picta Grube, 1870 
(non Syllis picta Kinberg, 1865) was considered by Licher (1999) as synonimous of 
Typosyllis violacea (Grube, 1870), so it is not an homonym of Syllis picta n. comb. 
Habitat. Coral rubble, algae. 
Distribution. Australia (New South Wales, Western Australia, Northern Territory). 
 
Syllis setoensis (Imajima, 1966) n. comb. 
Figs. 12, 13 
Typosyllis setoensis Imajima, 1966: 284, Fig. 62 A–L.—Licher 1999: 124, Fig. 56 A–F. 
Syllis setoensis Aguado et al., 2008: 33. 
 
Material examined. Non-type material. AUSTRALIA. WESTERN AUSTRALIA. Woodside 
Kimberley Survey, 2009–2010: Cassini Island, lower mid-littoral reef platform, 13°57'06"S, 
125°37'27"E, 3 m depth, 18 Oct 2010, 1 specimen mounted for SEM (AM W41605.001); 
Montgomery Reef, mid-littoral lower terrace, 16°01'14"S, 124°09'33"E, coral rubble with 
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Sargassum sp., intertidal, 23 Oct 2009, 1 specimen (AM W42462); Long Reef, mid-littoral lower 
terrace, 13°49'11"S, 125°46'48"E, coral rubble and algae, intertidal, 23 Oct 2010, 1 specimen 
(AM W42528); Adele Island, sublittoral fore-reef slope, 15°34'49"S, 123°09'26"E, coral and 
algae, 12.6 m depth, 18 Oct 2009, 1 specimen (AM W42529). Bush Bay, 30 km south of 
Carnarvon, 25°10'S, 113°39'E, in algal lumps on shallow sand flats, intertidal, 6 Jan 1984, 1 
specimen, (AM W46283). Off south end of Long Island, 28°28'48"S, 113°46'18"E, dead coral 
and algae, 4–5 m depth, 25 May 1994, 1 specimen (AM W46287). PHILIPPINES. LUZON 
ISLAND. “Koala Point”, Balayan Bay, 13º41'51"N, 120º49'45"E, coral rubble, 5–16 m depth, 5 
Dec 2010, 1 specimen (MCZ 25418); “Sepok Wall”, between Balayan Bay and Batangas Bay, 
13º41'02"N, 120º53'45"E, coral rubble, 6–13 m depth, 10 Dec 2010, 1 specimen (MNCN 
16.01/16870).  
Morphologically similar species. Syllis krohni: SPAIN. Nerja, Málaga, calcareous algae, 14 Jun 
1983, 1 specimen (MNCN 16.01/8180). Typosyllis (Typosyllis) krohnii. AUSTRALIA. 
QUEENSLAND. Heron Island, North Reef, coralline sand, 4 Feb 1976, coll. and id. G. Hartmann-
Schröder, 13 specimens (HZM P-21006), NEW ZEALAND. Kermadec Biodiscovery Expedition, 
2011: Kermadec Islands, Raoul Island, “Fishing Rock” landing, 29°15'03"S, 177°54'12"W, algal 
turf, 1 m depth, 18 May 2011, 7 specimens (AM W42886). 
Description. Longest examined specimen incomplete, 6 mm long, 0.8 mm wide, with 60 
chaetigers. Body relatively robust anteriorly, slender from midbody, without colour 
pattern (Figs 12A, 13A–B). Prostomium oval, wider than long, with two pairs of red eyes 
in trapezoidal arrangement and 2 anterior eyespots (Figs 12A, 13A–B). Median antenna 
inserted on middle of prostomium, between anterior pair of eyes, longer than combined 
length of prostomium and palps, with 30–32 articles (Figs 12A, 13B); lateral antennae 
shorter, inserted at anterior margin of prostomium, with 25–27 articles (small specimens 
with fewer articles in antennae and cirri, Fig. 12A). Palps triangular, longer than 
prostomium (Fig. 12A). Nuchal organs not seen. Peristomium shorter than subsequent 
segments (Fig. 12A), in larger specimens forming a small lobe partly covering posterior 
part of prostomium (Fig. 13B). Dorsal tentacular cirri similar in length to median antenna, 
with 32–34 articles, ventral ones shorter with 24–26 articles (Fig. 12A). Dorsal cirri of 
chaetigers 1, 4, 6, 9, 11 distinctly thickened (Figs 12A, 13A–C); midbody dorsal cirri 
alternating long (longer than body width) and short (shorter than body width); long dorsal
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Figure 12. Syllis setoensis (Imajima, 1966) (AM W46287). A, anterior end, dorsal view. B, falciger 
chaetae, anterior parapodium; C, falciger chaetae, midbody parapodium; D, dorsalmost falciger chaetae, 
posterior parapodium. E, ventralmost falciger chaetae, posterior parapodium; F, aciculae, anterior 
parapodium; G, midbody aciculae; H, aciculae, posterior parapodium. Scale: A, 0.2 mm. B–H, 20 µm.  
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cirri slightly thicker than short dorsal cirri (Fig. 12A). Anterior dorsal cirri (except those 
of anteriormost chaetigers) with 30–33 articles. Midbody and posterior dorsal cirri 
shorter, with 23–25 articles. Antennae and tentacular cirri spindle-shaped, thicker than 
dorsal cirri. Anterior and midbody parapodia each with 8–10 bidentate, falciger chaetae. 
Blades bidentate, with proximal tooth smaller than distal one, with dorsoventral gradation 
in length (34–21µm on anterior parapodia; 30–20 µm on midbody parapodia), short 
spines on edge, shafts with short distal spines (Figs 12B–C, 13D–E). Posterior parapodia 
with 8–9 compound chaetae; blades hooked, bidentate, shorter than those of anterior 
parapodia, almost all similar in length (22 µm dorsalmost, to 20 µm ventralmost), with 
acute distal tooth, small proximal tooth, and short spines on edge (Figs 12D–E, 13F–G); 
ventralmost chaetae short, some unidentate (Fig. 12F–G); shafts of ventralmost posterior 
compound chaetae smooth, with a marked spur (Figs 12E, 13F–G). Four aciculae in each 
anterior parapodium, one straight, one distally curved and two distally blunt (Fig. 12F), 
decreasing in number to three aciculae in each midbody parapodium, one distally 
knobbed, one curved at tip and one larger, straight acicula (Fig. 12G); posterior parapodia 
with 1-2 aciculae each, distally pointed, tip slightly oblique (Fig. 12H). Pharynx longer 
than proventricle, extending through 11 segments; conical tooth located on anterior 
margin. Proventricle through 7 segments with about 57 muscle cell rows (Fig. 12A).  
Remarks. The morphology of our specimens agreed with that of Licher’s (1999) 
redescribed paratype material, except for the length of the specimens (up to 26.4 mm 
long, 110 chaetigers) and the number of aciculae in each anterior parapodium (3 in the 
specimens revised by Licher (1999), 4 in our study)). The most similar species to Syllis 
setoensis is S. krohni Ehlers 1864, which has been reported worldwide. Both species are 
characterized by having distinctly thickened dorsal cirri in some of the anterior segments, 
and posterior compound chaetae with distinctly enlarged shafts, distally curved spurs, and 
short, hooked blades. The two species are distinguished by the form of their compound 
chaetae, mostly unidentate in S. krohni and mostly bidentate in S. setoensis. Furthermore, 
while S. setoensis lacks any colour pattern, S. krohni has a distinctive colour pattern (see 
Fauvel 1923; San Martín 2003).  
Habitat. Coral rubble, algae. 
Distribution. Japan, New Zealand, Australia (Queensland, Western Australia).
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Figure 13. Syllis setoensis (AM W41605). A, anterior end, dorsal view; B. prostomium, dorsal view. 
Scanning Electron Micrographs: C, anterior end, dorsal view; D, falciger chaetae, anterior parapodium; E, 
falciger chaetae, midbody parapodium; F, falciger chaetae, posterior parapodium; G, ventralmost falciger 
chaetae, posterior parapodium. 
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Phylogenetic reconstruction 
Both ML and BI analyses of the three concatenated genes agreed on the existence of four 
main well-supported clades (BS = 75–100%, PP = 0.99–1.00) within the traditionally 
considered genus Syllis (Fig. 14). Each of these four clades contained at least one of the 
Australian species studied: Syllis broomensis n. comb. belonged to Clade I, S. gracilis 
and S. picta n. comb. belonged to Clade II, S. edensis n. comb. appeared in Clade III, and 
S. cruzi, S. crassicirrata n. comb., and S. setoensis n. comb. were grouped within Clade 
IV.   
 
 
Figure 14. Phylogenetic relationships within Syllis (sensu San Martín 2003) inferred from the Maximum 
likelihood and Bayesian Inference analyses of three concatenated genetic markers (18S rRNA, 16S rRNA, 
and COI). Numbers above branches indicate bootstrap support values (only BS >75% are indicated). 
Numbers below branches indicate posterior probabilities support values (only PP >0.90 are indicated); red 
circles indicate a BS value of 100% and a PP value of 1.00. Species with * appeared with a different name 
in Aguado et al., 2012, since they were misidentified. 
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Within Clade I, Syllis broomensis n. comb. appeared as sister species of S. yallingupensis, 
which was also described from Australian waters by Hartmann-Schröder (1982) (Fig. 14). 
Although S. yallingupensis seems to be restricted to Western Australia, S. broomensis 
appeared widely distributed in both Eastern and Western Australia. The sequenced 
specimen of Syllis gracilis (Clade II) that was collected in Australia appeared grouped 
with Syllis gracilis 2, also collected in Australia, while S. gracilis 1 (collected in the 
Iberian Peninsula) appeared grouped with Syllis ypsiloides (Fig. 14).  
In Clade III (Fig. 14), Syllis edensis appeared as sister to S. augeneri (also 
originally described from Australia), and both were sister to S. gerlachi (from the 
Mediterranean Sea). At least three distinctive subclades were found within Clade IV, 
although only clades IVb and IVc were robustly supported (Fig. 14). In Clade IVa, Syllis 
cruzi was grouped with S. corallica (Fig. 14). Syllis crassicirrata appeared grouped with 
S. heronislandensis (originally described from Australia) and Syllis cf. variegata 
(collected in Australia) in Clade IVb (Fig. 14). Finally, Syllis setoensis appeared nested 
in Clade IVc (Fig. 14) with Syllis patriciae (from Australia) and two Mediterranean 
species (Syllis vivipara and Syllis krohni). 
 
Discussion 
Our molecular analysis (Fig. 14) combined with the morphological examinations 
suggested at least four different clades within the genus Syllis, each of them containing 
species re-described here and collected in Australian waters. Since the type species of the 
genus was not included in the analysis —the type material is lost, and the recently 
designed as neotype (Álvarez-Campos et al., 2015a) is not able to sequence— the results 
are still preliminary and therefore we prefer not to assign the clades the status of genera. 
Three out of our four clades (Clades I, II, and IV) were also recovered in the most recent 
phylogeny of the Syllidae available, obtained after using a concatenated set of three genes 
(Aguado et al., 2015b), and all four clades were recovered in the previous phylogenetic 
hypothesis provided by Aguado et al. (2012), although with no support. Clade III could 
not be recovered in Aguado et al. (2015b), since the authors did not include the same 
species we included in our analysis (S. gerlachi, S. edensis n. comb. and S. augeneri, all 
components of clade III, were absent in their study). In the light of our phylogenetic 
results, we found that the genus Typosyllis does not have any systematic validity, since 
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the species that would compose this group (Licher, 1999) did not appear in a 
monophyletic clade in our analysis, and in contrast, they appeared scattered all over the 
tree (Fig. 14), similar to that found in previous studies (Aguado et al., 2007, 2012, 2015b). 
Furthermore, the 18 species-complex groups proposed by Licher (1999) did not agree 
with the results obtained in our molecular phylogeny or in previous analyses (Aguado et 
al. 2007, 2012, 2015b).  
In our analyses, the clade I, which included species that Licher (1999) considered 
in the complexes “cerina” and “torquata” (Table 1), was characterized by species with 
the dorsalmost compound chaetae of the anterior chaetigers with very long blades, the 
falcigers with long and thick spines on margin, and reproduction apparently without 
stolons (one species, Syllis garciai, is viviparous; Table 2). It is worth noting that, in spite 
of the morphological similarity between Syllis garciai and S. broomensis n. comb. (see 
taxonomic remarks), our molecular results indicated that Syllis garciai is a different 
species, more related to S. lutea (Hartmann-Schröder, 1960), whereas S. broomensis n. 
comb. appeared as the sister species of S. yallingupensis (Fig. 14), a different arrangement 
to that found in previous studies of the same group (Aguado et al., 2007, 2012, 2015b).  
Our clade II, that gathered species from the “pulvinata” and “armillaris” 
complexes and from the genus Syllis (sensu Licher, 1999) (Table 1), grouped species that 
share morphological features like short dorsal cirri on midbody and posterior segments, 
reduction of blades on posterior body, becoming unidentate in some cases, the presence 
of ypsiloid chaetae in some species, and reproductive stolons with two pairs of eyes and 
three articulated antennae (Table 2). The exclusive exception in this clade was the species 
S. pulvinata, that do not present any of the above mentioned characters. Our phylogenetic 
results suggest that S. armillaris and S. pulvinata could be the same species (Fig. 14), but 
the material has been re-examined and they are both well identified as different species. 
Since a similar situation was found in a previous analysis (Aguado et al. 2012), suggesting 
a sequencing error, it will be necessary to include more material of these two species (or 
re-sequence all specimens) in order to check their real status. Our clade II, mainly agrees 
with Licher’s (1999) consideration of Syllis (species with pseudo-simple chaetae), 
although he excluded the species S. armillaris and S. hyalina that were considered within 
Typosyllis. San Martín (2003) stated that the fusion of shafts and blades occurs as 
individuals grow and, therefore, a species could possess fused chaetae, partially fused 
chaetae or falcigerous chaetae, depending on their size/age. However, our results suggest 
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that the species with partially fused chaetae (S. picta n. comb.) and species with reduction 
of blades in chaetae (S. armillaris and S. hyalina) seem to be closer than those that clearly 
present a fusion of blades and shafts on midbody chaetae (S. gracilis and  S. ypsiloides), 
which may imply a phylogenetic signal for these features. However, this conclusion is 
still preliminary and more specimens with different degrees of fusion in the chaetae 
should be included in the analysis. In regard to S. gracilis, our results indicate that the 
Iberian Peninsula specimen (S. gracilis 1) is more related to S. ypsiloides from the U.S.A 
than to S. gracilis specimens from Australia (S. gracilis 2 and 3) (Fig. 14, Table 1). Given 
that S. gracilis has been reported worldwide (San Martín 2003) and some authors have 
pointed out as a possible complex of species (Maltagliati et al. 2000), further molecular 
studies, including some specimens from different areas and other related species such as 
S. mayeri Musco & Giangrande, 2005 (Caribbean Sea) or S. magellanica Augener, 1918 
(Pacific and Indian Oceans) should be performed to solve this question.  
Our clade III (Fig. 14), that grouped two species from the “pulvinata” and 
“prolifera” complexes, plus another species (Syllis augeneri) with no assigned complex 
(Licher 1999), included species with pseudospiniger chaetae on anterior segments, 
bidentate falcigers with thick spines on margin, foot-like aciculae (as were named by 
Licher 1999) in all chaetigers, truncate dorsal simple chaetae on posterior segments and 
reproductive stolons with two pairs of eyes and a pair of articulated antennae (Table 2). 
Other species, such as S. rosea or S. pulvinata (see comments above), that share the same 
morphological characters, need to be sequenced in order to test if they nest within this 
group.  
Finally, the species nested in our clade IV that belonged to Licher’s (1999) 
complexes “cerina”,  “torquata”, “amica” (subclade IVa), “corallicola” (subclades IVa, 
c), “variegata”, “armillaris”, “parturiens”, “prolifera” (subclades IVb, c), and “prolixa” 
(subclade IVc), appeared as a mixture of species that did not seem to have any characters 
in common, except for the presence of reproductive stolons with a pair of eyes and a pair 
of smooth antennae (in those few species where reproduction has been reported). In clade 
IV, only S. crassicirrata n. comb. showed morphological similarities with its sister 
species within the subclade IVb, Syllis cf. variegata (see taxonomic remarks). However, 
the specimen of Syllis cf. variegata should be re-examined since another specimen from 
the same species appeared in a different clade (subclade IVa, Fig. 14). For the rest of the 
species herein re-described, no morphological similarities could be found with the other 
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Syllis species included in clade IV. Syllis cruzi and S. corallicola only shared a similar 
shape in both dorsal and ventral simple chaetae, but the latter presents shorter spines on 
falcigers chaetae, the midbody and posterior aciculae are thicker, and it also presents the 
shafts of posterior body falcigers with an enlarged spur and a small protuberance on its 
superior margin (Licher 1999). In regard to S. setoensis n. comb., none of the species that 
appeared nested within the same subclade resembled the re-described species, except for 
S. krohni (see taxonomic remarks). However, the support for most of the internal clades 
in subclade IVc was too low to provide sound conclusions.  
As we mentioned in the introduction, the relationships within the subfamily 
Syllinae are not yet well resolved. Nearly all the genera included within the subfamily 
seem to be paraphyletic (Aguado et al. 2012, 2015) and, therefore, a comprehensive 
analysis including the related genera still with an uncertain phylogenetic position, such 
as Opisthosyllis Langerhans, 1879, Paraopisthosyllis Hartmann-Schröder, 1991, 
Branchiosyllis, Haplosyllis, Megasyllis San Martín, Hutchings & Aguado, 2008 and 
Alcyonosyllis Glasby & Watson, 2001, should be performed in order to test their real 
status and to reorganize the taxonomy of the group.  
 
Conclusions 
The current taxonomic organization of the genus Syllis is not phylogenetically 
accurate since a clear synapomorphy could not be found for the entire group. The 
preliminary phylogenetic results combined with a careful examination of the 
Syllis/Typosyllis species from Australia, the Philippines and New Zealand suggested both 
the invalidity of the genus Typosyllis and the existence of at least four different clades 
within the type genus of the family. With further morphological and molecular analysis, 
these four clades could be erected to the status of genera. Therefore, Syllis, traditionally 
considered as a mixture of species that do not share any clear morphological features, 
should be reviewed in depth, including the type species, to delimit its status and to 
understand the phylogenetic relationships within it.  
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The genus Syllis Savigny in Lamarck, 1818 
(Annelida: Syllidae: Syllinae) from Australia: 
four new species and re-description of twelve 
poorly known species 
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Resumen 
Syllis Savigny in Lamarck, 1818, el género tipo de Syllidae, es el más grande y 
diverso dentro de la familia, y también uno de los que mas problemas taxonómicos y 
filogenéticos tiene, debido a que el grupo no presenta claras sinapomorfías que lo 
diferencien de otros géneros y a que no se disponen de datos moleculares para  la mayoría 
de sus especies. Para poder ahondar en su conocimineto, hemos realizado la segunda 
revisión taxonómica las especies de Australia, a partir de material recolectado por el 
personal del Australian Museum. Se describen 16 especies, 4 de ellas nuevas y otras 12 
re-descripciones de especies poco conocidas:  Syllis boggemanni, n. sp.; S. joaoi, n. sp.; 
S. karlae, n. sp.; S. marceloi, n. sp.; S. albanyensis (Hartmann-Schröder, 1984) n. comb.; 
S. erikae (Hartmann-Schröder, 1981) n. comb.; S. krohni Ehlers 1864; S. lunaris 
(Imajima, 1966) n. comb.; S. lutea (Hartmann-Schröder, 1960); S. macrodentata 
(Hartmann-Schröder, 1982) n. comb.; S. monilaris Savigny in Lamarck, 1818; S. 
nigropunctata Haswell, 1886; S. pectinans Haswell, 1920; S. rosea (Langerhans, 1879); 
S. warrnamboolensis (Hartmann-Schröder, 1987) n. comb.; y S. yallingupensis 
(Hartmann-Schröder, 1982), n. comb. 
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Abstract 
Syllis Savigny in Lamarck, 1818, the type genus of Syllidae, is the largest and 
most diverse within the family. This genus presents many taxonomical and phylogenetic 
problems due to the lack of molecular data and morphological synapomorphies for many 
of the species. In order to improve the knowledge of the genus, we have undertaken the 
second morphological revision of Australian species, based on material from the 
Australian Museum. Sixteen species are described, four new species and twelve 
redescriptions of poorly known species: Syllis boggemanni, n. sp.; S. joaoi, n. sp.; S. 
karlae, n. sp.; S. marceloi, n. sp.; S. albanyensis (Hartmann-Schröder, 1984) n. comb.; S. 
erikae (Hartmann-Schröder, 1981) n. comb.; S. krohni Ehlers 1864; S. lunaris (Imajima, 
1966) n. comb.; S. lutea (Hartmann-Schröder, 1960); S. macrodentata (Hartmann-
Schröder, 1982) n. comb.; S. monilaris Savigny in Lamarck, 1818; S. nigropunctata 
Haswell, 1886; S. pectinans Haswell, 1920; S. rosea (Langerhans, 1879); S. 
warrnamboolensis (Hartmann-Schröder, 1987) n. comb.; and S. yallingupensis 
(Hartmann-Schröder, 1982), n. comb.
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Introduction 
Australian Syllidae Grube, 1850, have been mainly studied since the beginning of 
the 20th century (e.g. Haswell 1886, 1920a, b; Augener 1913, 1927; Fauvel 1917; Monro 
1931; Hartmann–Schröder 1979, 1980a, 1981a, 1982, 1983, 1984, 1985, 1986a, 1987, 
1989, 1990, 1991; Hutchings & Rainer 1979, 1980; Hutchings & Murray 1984; Glasby 
2000; Glasby & Watson 2001; San Martín & López 1998, 2003; Watson 2009; Aguado 
et al. 2015). Detailed studies, including descriptions, keys, drawings and SEM photos of 
all the Australian Syllidae subfamilies began with San Martín (2005) for Exogoninae 
Langerhans, 1879, and San Martín & Hutchings (2006) for Eusyllinae Malaquin, 1893 
(including Anoplosyllinae Aguado & San Martín, 2009). Syllinae Grube, 1850, the 
largest and the most taxonomically complicated subfamily of syllids, has been studied in 
several different papers, as it presents a large number of genera and species, some of them 
with an uncertain systematic position. All the known Australian genera of the subfamily 
Syllinae were studied by San Martín et al. (2008a, 2008b, 2010), except for the type 
genus, Syllis, which is the only remaining genus to be revised.  
Syllis Savigny in Lamarck, 1818, is the largest and most diverse genus within the 
subfamily, with more than 120 species (Licher 1999; San Martín 2003; San Martín & 
Aguado 2014), and many systematic problems still unsolved, due to the lack of molecular 
data for many of its species and to the lack of clear morphological synapomorphies. 
Recently, Álvarez-Campos et al. (2015a) described some poorly known Australian 
species, including some preliminary results of the phylogenetic relationships within 
Syllis. They concluded that Typosyllis Langerhans, 1879, considered as a valid genus by 
many other authors (e.g. Fauvel 1923, Fauchald 1977, Licher, 1999), lacks any systematic 
validity, since the species that belonged to this group (sensu Licher 1999) do not form a 
monophyletic clade. They also found that the type genus of the family should also be 
reorganized, since they found at least four different clades within it (Álvarez–Campos et 
al. 2015a). Therefore, the real status of Syllis remains unresolved and it should be 
reviewed in depth, including the recently re-described type species of the genus, Syllis 
monilaris (Álvarez-Campos et al., 2015b).  
Based on the material collected during decades by the Australian Museum (AM) 
staff, we describe herein the following species: Syllis boggemanni, n. sp.; S. joaoi, n. sp.; 
S. karlae, n. sp.; S. marceloi, n. sp.; S. albanyensis (Hartmann-Schröder, 1984), n. comb.; 
S. erikae (Hartmann-Schröder, 1981) n. comb.; S. krohni Ehlers, 1864; S. lunaris 
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(Imajima, 1966) n. comb.; S. lutea (Hartmann-Schröder, 1960); S. macrodentata 
(Hartmann-Schröder, 1982) n. comb.; S. monilaris Savigny in Lamarck, 1818; S. 
nigropunctata Haswell, 1886; S. pectinans Haswell, 1920; S. rosea (Langerhans, 1879); 
S. warrnamboolensis (Hartmann-Schröder, 1987) n. comb.; and S. yallingupensis 
(Hartmann-Schröder, 1982), n. comb. 
 
Material and Methods 
The studied specimens were collected by the staff of the Marine Invertebrates 
section of the AM during regular fieldwork trips and various biological surveys between 
1970 and 2015. The specimens were fixed in formalin and then transferred to 70% 
alcohol. Comparative and type material of some species were loaned from the 
Zoologisches Museum of Hamburg (HZM). Material was examined under a Nikon 
Optiphot microscope with a differential interference contrast system (Nomarsky), an 
ocular micrometer, and camera lucida drawing tube. For scanning electron microscopy 
(SEM), the specimens were critical point dried with an Emitech K850 Critical Point 
Dryer, gold-coated with a Q150T–S Turbo-Pumper Sputter Coater, and examined with a 
Hitachi S–3000N electron microscope at SIDI (Servicio Interdepartamental de 
Investigación), Universidad Autónoma de Madrid (UAM). Width of the specimens, 
excluding parapodia, was measured at the proventricle level.  
Abbreviations used: AM Australian Museum, Sydney. HZM Hamburgische Zoologische 
Museum, Hamburg. 
 
Results 
Genus Syllis Savigny in Lamarck, 1818 
For diagnosis see Álvarez-Campos et al. (2015a, 2015b). 
 
Syllis albanyensis (Hartmann-Schröder, 1984), n. comb. 
Fig. 1 
Typosyllis (Typosyllis) albanyensis Hartmann-Schröder, 1984. 
Typosyllis albanyensis. Licher 1999. 
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Material examined. NEW SOUTH WALES, AUSTRALIA: 100 m north-west of Split Solitary 
Island, NSW 697, 30°14'S, 153°10'48"E, 7 March 1992, 1 specimen (AM W48570); Manta Reef, 
North West Solitary Island, NSW 481, 30°1'30"S, 153°16'30"E, 25 June 1992, 2 specimens (AM 
W48571); Esmeralda Cove, Broughton Island, St. 2818, 32° 37' 12" S, 152° 19' E, (AM W48572), 
4 specimens, coll. kelp holdfast, 11 May 1978, by P. Hutchings; Golf Course bommie, 500 m 
north-east of Ulladulla Head, 35°20'28"S, 150°29'12"E, NSW 1298, 15 m, 2 May 1997, 1 
specimen (AM W48568); 50 m east of Burrill Rocks, NSW 1278, 35°23'24"S, 150°28'10"E, 1 
May 1997, 3 specimens, (AM W48569). 
Morphologically similar species. Typosyllis (Typosyllis) albanyensis Hartmann-Schröder, 1984. 
WESTERN AUSTRALIA. Frenchman Bay, Albany, algae, sand and detritus, 21 Nov 1975, coll. 
and id. Hartmann-Schröder; 3 paratypes (ZMH P-17880). Typosyllis (Typosyllis) horrockensis 
Hartmann-Schröder, 1982. WESTERN AUSTRALIA. Horrocks, 1 paratype (ZMH P-16480). 
Typosyllis (Typosyllis) pharynxcircunfusata Hartmann-Schröder, 1979. WESTERN 
AUSTRALIA. Broome, Holotype (HMZ P-15471). 
Description. Longest specimen 6.5 mm long, 0.35 mm wide, with 87 chaetigers. Body 
relatively thick and short, with wide and short, well-marked segments, especially 
anteriorly, brownish, without colour pattern. Prostomium rectangular; 4 eyes in 
tapezoidal arrangement. Palps broad, similar in length to prostomium (Fig. 1A). Median 
antenna arising in middle of prostomium, with about 16–18 articles, almost twice as long 
as combined length of prostomium and palps; lateral antennae shorter than median one, 
with 14 articles. Peristomium dorsally shorter than subsequent segments (Fig. 1A). Dorsal 
tentacular cirri similar in length to median antenna, with about 15 articles; ventral 
tentacular cirri about 2/3 as long as dorsal ones, with 10 articles. Dorsal cirri relatively 
thick, shorter than body width, with well-marked articles; distinct, large boomerang-
shaped; inclusions inside articles of dorsal cirri, especially from proventricular segments 
(Fig. 1A), alternating long and short, no marked difference of length, with 16/13 articles 
in midbody (Fig. 1A). Parapodia conical (Fig. 1A). Ventral cirri digitiform, shorter than 
parapodial lobes. Compound chaetae of anterior and midbody segments with 2 
dorsalmost chaetae with distinctly longer blades, 32–34 µm long, straight or slightly 
curved, bidentate with both teeth close, and moderate coarse spines on margins similar 
(Fig. 1B, C) and 6–7 chaetae with shorter blades, more separated teeth, spines on margin 
not so coarse (Fig. 1B, C), and dorsoventral gradation in length, 21–13 µm long; blades 
shorter from midbody to posterior parapodia (Fig. 1D); posterior parapodia with 5
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Figure 1. Syllis albanyensis (Hartmann-Schröder, 1984), n. comb. (AM W48569). A, anterior end, dorsal 
view. B, compound chaetae, anterior parapodium. C, compound chaetae, midbody. D, compound chaetae, 
posterior parapodium. E, dorsal simple chaeta. F, ventral simple chaeta. G, aciculae, anterior parapodium. 
H, acicula, midbody. I, acicula, posterior parapodium. Scale bars: A, 0.1 mm. C–I, 20 µm. 
 
 
 compound chaetae, with blades 19 µm above, 14 µm below (Fig. 1D); some specimens 
with chaetae with long blades also present to posterior part of body. Dorsal simple chaetae 
on posterior parapodia, distally truncate (Fig. 1E), sometimes with subdistal and distal 
short spines. Ventral simple chaetae on far posterior segments, sigmoid, bidentate (Fig. 
1F). Anterior parapodia with 2–3 slender aciculae each, distally rounded (Fig. 1G), 
diminishing to 1 in each midbody and posterior parapodia, distally ending in right angle 
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(Fig. 1H, I). Pharynx long, extending through about 11–13 segments; pharyngeal tooth 
elongated, conical, acute, on anterior margin of pharynx (Fig. 1A). Proventricle similar 
in length to pharynx, through 11–13 segments, with about 27–30 muscle cell rows. 
Pygidium with 2 anal cirri, with 8–12 articles, and median stylus. 
Remarks. This species is easily recognized by its truncate dorsal simple chaetae, aciculae 
distally bent in right angle (“foot-like”), compound chaetae moderately long, with both 
teeth very close to each other, and short, thick spines all reaching the same level, and 
pharynx and proventricle both long, of similar length. Syllis albanyensis is similar to 
Syllis erikae, from Western Australia, described below, but that species is distinctly 
slender and filiform, with a long pharynx and short proventricle. Syllis edensis 
(Hartmann-Schröder, 1989), from New South Wales, is also similar, but the dorsal cirri 
are longer, the blades of the dorsal compound chaetae are longer and more markedly 
curved, and the proventricle is shorter (see Álvarez-Campos et al. 2015a).  Syllis 
pulvinata (Langerhans, 1881), from the Canary Islands and the Mediterranean, is 
probably the most similar species. However, there are some small differences in the 
compound chaetae, and some specimens of that species have 1–2 dorsal glands on the 
segments immediately posterior to the proventricle (Langerhans, 1881; San Martín, 
2003); none of the examined specimens of Syllis albanyensis has them. Although quite 
similar, they seem to be different species. The examined paratype of Typosyllis 
(Typosyllis) horrockensis is a broken, anterior part (without proventricle), and it is 
difficult to state the differences with Syllis albanyensis, but they seem to be different 
species, althought probably close, as showed by Licher (1999). The Western Australian 
species Typosyllis pharynxcircunfusata has very similar chaetae, but the dorsal cirri are 
shorter, tapered, and the proventricle is distinctly shorter; furthermore, that species has a 
unique structure in the anterior part of body, similar to a spherical cover, surrounding the 
anterior part of the pharynx (see Hartmann-Schröder, 1979), very distinct in the holotype. 
Finally, Syllis truncata Haswell, 1920, has similar chaetae, but having shorter blades and 
also a distinctly shorter proventricle. 
Habitat. Associated with kelp holdfasts, algae, sand and detritus. 
Distribution. Australia (New South Wales, Western Australia).  
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Syllis boggemanni n. sp. 
Figs. 2, 3 
 
Material examined. WESTERN AUSTRALIA. Kimberleys, Shirley Island, 16°17'S, 123°26'E, 
26 July 1988, holotype (AM W48526).  
Description. Holotype incomplete, lacking most posterior segments, 11 mm long, 0.75 
mm wide, with 58 chaetigers. Body large, robust, without colour pattern. Prostomium 
oval; 4 eyes in open trapezoidal arrangement and 2 minute anterior eyespots, difficult to 
see. Palps somewhat ventrally folded, similar in length to prostomium (Fig. 2A). Median 
antenna arising slightly in front of posterior pair of eyes, with about 30 articles, distinctly 
longer than combined length of prostomium and palps; lateral antennae much shorter than 
median one, with 20–22 articles. Peristomium slightly shorter than subsequent segments 
(Fig. 2A). Dorsal tentacular cirri similar in length to median antenna, with about 24 
articles; ventral tentacular cirri about half as long as ventral ones, with 20 smaller articles. 
Dorsal cirri elongated, whip-shaped, alternating in midbody long cirri, slightly longer 
than body width, with about 42–50 articles, and short cirri, somewhat shorter than body 
width, with about 30 articles (Fig. 2A, B); cirrophores well developed, dorsal cirri dark, 
articles filled up with spiralized inclusions. Parapodia conical, distally bilobed. Ventral 
cirri digitiform. Compound chaetae including spiniger-like and falcigers on each 
parapodium (Fig.  3A–F); blades and shafts slender on anterior segments becoming longer 
gradually from midbody to posterior parapodia (Fig. 3A–F). Spiniger-like chaetae with 
bidentate blades, both teeth similar and close to each other, short spines on margin, except 
for distalmost 1–2 spines, which reach level of proximal tooth (Fig. 3A, C, E). Falcigers 
with moderate to long spines on margin, especially 2–3 distal ones, reaching and even 
surpassing level of proximal tooth; bidentate, with proximal tooth slightly longer than 
distal one from midbody parapodia (Fig. 3B, D, F). Anterior parapodia each with 4–5 
spiniger-like chaetae, blades 87–84 µm long, and numerous falcigers, about 12, with 
blades 38 µm long above, 30 µm long below (Fig. 3A, B); each midbody parapodium 
with 2 spiniger-like, blades about 90 µm long, and 5–6 falcigers with blades 54 µm long 
above, 31 µm long below (Fig. 3C, D); each posterior parapodium with 1–2 spiniger-like 
chaetae, blades 107 µm long, and 8 falcigers, with blades 48–50 µm long above, 30–32 
µm long below (Fig. 3E, F). Dorsal and ventral simple chaetae not seen. Anterior 
parapodia with 4 slender aciculae (Fig. 3G), 3 at midbody parapodia (Fig. 3H), and 2 in 
posterior parapodia, straight, distally pointed, not protrudingfrom parapodial lobes (Fig. 
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3I). Pharynx extending through about 12 segments; pharyngeal tooth on anterior margin 
of pharynx (Fig. 2A). Proventricle long, through 14 segments, with about 58 muscle cell 
rows. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Syllis boggemanni n. sp. (AM W48526). A, anterior end, dorsal view. B, dorsal cirri, midbody. 
Scale bars:.A, 0.4 mm. B, 0.2 mm. 
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Figure 3. Syllis boggemanni n. sp. (AM W48526). A, spiniger-like compound chaetae, anterior parapodia. 
B, falcigers, anterior parapodia. C, spiniger-like chaeta, midbody parapodia.  D, falcigers, midbody 
parapodia. E, spiniger-like chaeta, posterior parapodia. F, falcigers, posterior parapodia. G, aciculae, 
anterior parapodia. H, aciculae, midbody parapodia. I, aciculae, posterior parapodia. Scale bars: 20 µm. 
 
 
Remarks. Syllis boggemanni, n. sp. is characterized by its large size, with a long 
proventricle, and the compound chaetae, including spiniger-like and falcigers; teeth of 
spiniger-like blades are very close to each other, and teeth of falciger blades are unequal, 
with proximal one longer than distal one in midbody and posterior parapodia. Also, the 
spines on margin of midbody and posterior falcigers are long, distally curved, with 2–3 
distalmost slender and long. Spiniger-like chaetae are quite similar to those of Syllis 
cornuta Rahtke, 1843 (from the NE Atlantic and Arctic) but in this species these chaetae 
lack the distal long spines, and also the falcigers are different (see Licher 1999). Among 
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other species with spiniger-like chaetae, S. hyllebergi (Licher, 1999) (from the Red Sea 
and Brazil, see Licher 1999; Nogueira & San Martín 2002) and S. silkeae (Licher, 1999) 
(from Taiwan) have similar falcigers, but they lack the long distal spines present in S. 
boggemanni n. sp.; also, these species have shorter dorsal cirri. Syllis yallingupensis 
(Hartmann-Schröder, 1982), also from Australia, is similar, but there are some differences 
(see description of that species, below). S. lutea (Hartmann-Schröder, 1960) 
(circumtropical) (see description of that species, below), S. jorgei San Martín & López, 
2000 (Western Mediterranean), S. glarearia (Westheide, 1974) (Galápagos Islands), and 
other species (see Licher, 1999 and San Martín, 2003) have similar falcigers, but they 
lack spiniger-like chaetae. Finally, Syllis pilosa Aguado, San Martín & Nishi, 2008, from 
Japan, has shorter dorsal cirri, dorsal ciliary bands, different aciculae and lacks distal 
spines on chaetae (see Aguado et al. 2008). 
Etymology. The species is named in honor to Dr. Marküs Böggemann, Osnabrück 
University, for his great contribution to the knowledge of some families of polychaetes, 
among them the Syllidae.  
Habitat. Dead coral substrate in shallow waters. 
Distribution. Australia (Western Australia).  
 
Syllis erikae (Hartmann-Schröder, 1981), n. comb. 
Fig. 4 
Typosyllis (Typosyllis) erikae Hartmann-Schröder, 1981. 
Typosyllis erikae. Licher, 1999. 
 
Material examined. WESTERN AUSTRALIA. Kimberley, St. 58, Long Reef, 13° 58' S, 125° 38' 
E, 1 specimen (AM W48527), coll. P. Hutchings; Stn. 54 Condillac Island , 14°6'S, 125°33'E, 16 
July 1988, 1 specimen, (AM W48532), coll. P. Hutchings; Houtman Abrolhos, WA 517, Off 
Beacon Island, Goss Passage, 28°25'30" S, 113°47'E, 24 m, 21 May 1994, 3 specimens (AM 
W48528); WA 518, Beacon Island, Goss Passage, 28°25'30"S, 113°47'E, 8 m, 22 May 1994, 13 
specimens (AM W48529); WA 525, NE end Long Island, Goss Passage, 8 m, 22 May 1994, 1 
specimen (AM W29488); WA 522, N end of Long Island, Goss Passage, 28°27'54"S, 
113°46'18"E, 22 May 1994, 1 specimen (AM W29486); WA 539, off south end of Long Island, 
Beacon Island, 28°28'48"S, 113°46'18"E, 4–5 m, 25 May 1994, 2 specimens (AM W48530); WA 
511, Goss Passage, Beacon Island, 28°25'30"S, 113°47'E, 10 m, 18 May 19941 specimen with a 
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developing stolon (AM W48531). 
Morphologically similar species. Typosyllis gerlachi Hartmann-Schröder, 1960. Sarso, Red Sea, 
Holotype (HZM P-13877). 
Description. Longest complete specimen 7 mm long, 0.23 mm wide, with 75 chaetigers 
(17 of a developing stolon); some incomplete specimens even longer, up to 10 mm long. 
Body small, delicate, long and slender, filiform, without colour pattern; relaxed 
specimens with midbody and posterior segments marked and well separated from anterior 
and posterior ones. Prostomium oval; 4 small eyes in trapezoidal arrangement. Palps 
similar in length to prostomium (Fig. 4A). Median antenna arising between posterior eyes 
of prostomium, with 12 to 20–22 articles, distinctly longer than combined length of 
prostomium and palps; lateral antennae about half length of median one, with 12 articles. 
Peristomium shorter than subsequent segments (Fig. 4A). Dorsal tentacular cirri similar 
in length to lateral antennae, with about 14 articles; ventral tentacular cirri about 2/3 as 
long as dorsal ones, with 8 articles. Dorsal cirri of chaetiger 1 distinctly longer than 
subsequent ones, longer to body width, similar in length to median antenna, with 17–20 
articles (Fig. 4A). Dorsal cirri similar in width on bases and tips, similar in length to body 
width, except for those of chaetigers 6 and 9, with sphaerical, small, hyaline inclusions 
in some articles (Fig. 4A, B). Anterior dorsal cirri, with about 10 articles, except those 
longer ones, with 13–15; after proventricle segments, dorsal cirri slightly alternating long 
(about 12 articles) and short (about 10). Parapodia conical, with a small, distal, rounded 
papilla (Fig. 4H). Ventral cirri digitiform, shorter than parapodial lobes. Compound 
chaetae heterogomph falcigers, relatively short, bidentate with both teeth well separated, 
similar in size or proximal tooth slightly smaller than distal one, with short, straight spines 
on margin, similar throughout body, slightly longer and slender anteriorly (Fig. 4C, D, 
E). Anterior parapodia each with 7–8 compound chaetae, blades 22 µm long above, 15 
µm  long below (Fig. 4C); midbody parapodia with 4-6 compound chaetae each, blades 
20 µm long above, 10 µm long below (Fig. 4D); posterior parapodia with 3–5 compound 
chaetae each, similar to those of midbody (Fig. 4E). Dorsal simple chaeta on posterior 
parapodia, distally truncate (Fig. 4F). Ventral simple chaetae on posterior segments, 
sigmoid, bidentate, with short, straight subdistal spines (Fig. 4G). Acicula solitary, 
distally bent in right angle (Fig. 4H, I, J). Pharynx slender, extending through about 6–16 
segments (depending on the degree of contraction); pharyngeal tooth on anterior margin 
of pharynx (Fig. 4A). Proventricle distinctly shorter than pharynx, through 2–3 segments, 
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Figure 4. Syllis erikae (Hartmann-Schröder, 1981) n. comb. (AM W29486). A, anterior end, dorsal view. 
B, long and short dorsal cirri, midbody. C, compound chaetae, anterior parapodium. D, compound chaetae, 
midbody parappodium. E, compound chaetae, posterior parapodium. F, dorsal simple chaeta. G, ventral 
simple chaeta. H, acicula, with distal part of parapodial lobe, anterior parapodium. I, acicula, midbody 
parapodium. J, acicula, posterior parapodium. Scale bars: A, B, 0.1 mm.  C–I, 20 µm. 
 
with about 25–30 muscle cell rows. Pygidium with 2 anal cirri, with 8–10 articles, and 
median stylus. 
Remarks. This species is characterized by its small size, with high capacity of 
contraction, being very slender, filiform (well relaxed specimens); by possesing 
numerous, sphaerical, hyaline inclusions in articles of dorsal cirri; by the long, slender 
pharynx, with a short proventricle; and for the foot-like aciculae, and truncate dorsal 
simple chaetae. Contracted specimens are much shorter, with shorter segments, laterally 
rounded. In the original description, Hartmann-Schröder (1981) pointed out that the 
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holotype has a developing stolon, which she named as Chaetosyllis; however, her 
description of the stolon reveals that it has two palps and two antennae, which clearly 
correspond to a Tetracerous stolon, not the Dicerous one (also named as Chaetosyllis). 
This species seems to be identical or very similar to Syllis truncata cryptica Ben-Eliahu, 
1977, from the Red Sea, also widely reported in warm areas of the Mediterranean Sea 
(San Martín 2003), which was synonymized by Licher (1999) with Typosyllis gerlachi 
Hartmann-Schröder, 1960. Examination of the holotype of Typosyllis gerlachi showed a 
different kind of aciculae and dorsal simple chaetae, as well as differences in details of 
the compound chaetae, compared to specimens of Syllis truncata cryptica from the 
Mediterranean. So, we consider that this synonymy is not correct and they are different 
species. Syllis truncata Haswell, 1920 is quite similar; however, the proventricle is longer 
(through 4–6 segments) and the pharynx opening is located more posteriorly (Haswell, 
1920b). 
Habitat. Dead coral substrate in shallow waters. 
Distribution. Australia (Western Australia). 
 
 
Syllis joaoi n. sp. 
Fig. 5 
 
Material examined. NORTHERN TERRITORY: Darwin Harbour, off Nightcliff, Old Man's 
Rock, 12°28'30"S, 130°54'12"E, 17 July 1993, holotype (AM W48533). 
Description. Holotype incomplete, lacking most posterior segments, 7 mm long, 0.45 
mm wide, with 55 chaetigers. Body slender, elongated, darker on anterior segments, with 
reddish spots, extending also to prostomium. Prostomium pentagonal; 4 eyes in open 
trapezoidal arrangement. Palps similar in length to prostomium (Fig. 5A). Antennae, 
tentacular and dorsal cirri distinctly short and slender. Median antenna arising from 
middle of prostomium, with about 13 articles, shorter than combined length of 
prostomium and palps; lateral antennae similar to median one, with 12–14 articles. 
Segmental furrows indistinct (Fig. 5A). Peristomium dorsally reduced. Dorsal tentacular 
cirri longer than median antenna, with about 20 articles; ventral tentacular cirri much 
shorter, with 10 articles. Dorsal cirri distinctly short and slender, shorter than body width 
(Fig. 5A), anterior-most cirri slightly shorter than dorsal tentacular cirri, with about 15–
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Figure 5. Syllis joaoi, n. sp. (AM W48533). A, anterior end, dorsal view. B, compound chaetae, anterior 
parapodium. C, compound chaetae, midbody parapodium. D, compound chaetae, posterior parapodium. E, 
aciculae, anterior parapodium. F, aciculae, midbody parapodium. G, acicula, posterior parpaodium. Scale 
bars: A, 0.4 mm. B–G, 20 µm. 
 
 
12 articles; midbody long dorsal cirri with 12–13 articles and short dorsal cirri with 8–9 
articles. Parapodia conical. Ventral cirri shorter than parapodial lobes. Compound chaetae 
with elongated bidentate blades, proximal tooth shorter than distal tooth; dorsal blades 
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long and slender with short spines on margin, except distal ones, which are longer, 
reaching level of proximal tooth; intermediate chaetae of each fascicle with shorter blades 
with long, distally curved spines; ventral chaetae with short blades, provided with short 
spines on margin (Fig. 5B–D). Anterior parapodia each with 1–2 compound chaetae of 
first type, 3–4 of the second one, and 2–3 of the third type, with blades 36 µm long above, 
15 µm long below (Fig. 5B); midbody parapodia with 1 compound chaetae of first type, 
3 of second type, and 2 of third type, with blades 35 µm long above, 15 µm long below 
(Fig. 5C); posterior parapodia with 1 compound chaetae of first type, 2 of second one, 
and 1 of third type, with blades 34 µm above, 15 µm below (Fig. 5D). Dorsal and ventral 
simple chaeta not seen. Aciculae slender, anterior parapodia with 3 aciculae, 2 acute and 
1 distally curved (Fig. 5E), 2 aciculae in midbody parapodia, 1 straight and 1 acuminate 
(Fig. 5F), and solitary acicula in posterior parapodia, subdistally inflated, acuminate (Fig. 
5G). Pharynx extending through about 11 segments; pharyngeal tooth on anterior margin 
of pharynx (Fig. 5A). Proventricle through 10–11 segments, with about 55 muscle cell 
rows.  
Remarks. Although having a single, incomplete specimen, we describe it as a new 
species, since it is the particular in the genus, by having such slender and short dorsal cirri 
and this distribution of compound chaetae, with elongate blades with short spines on 
margin dorsally combined with blades withlong, distally dressed spines on middle of the 
fascicle, and short blades with short spines in inferior chaetae. Syllis aciculigrossa (San 
Martín, 1990) is probably the most similar species, with elongated, slender body and 
short, delicate dorsal cirri; however S. aciculigrossa has distinctly thick aciculae, distally 
pointed, protruding from parapodial lobes, and elongated spiniger-like chaetae (San 
Martín, 1990). Syllis nigricirris Grube, 1863 has similar compound chaetae, but they lack 
the long spines on margin, and the aciculae are straight, protruding from parapodial lobes 
(se Licher, 1999).  
Etymology. The new species is named after João Miguel do Matos Nogueira, colleague 
and friend, for his contributions to the knowledge of some families of polychaetes, 
Syllidae among them. 
Habitat. Dead coral substrate in shallow waters. 
Distribution. Australia (Northern Territory).  
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Syllis karlae n. sp. 
Fig. 6 
 
Material examined. WESTERN AUSTRALIA. Goss Passage, south east end of Long Island, 
28°28'48"S, 113°46'30"E, 30 m, 22 May 1994, holotype (AM W48534).  
Description. Holotype complete specimen, 9.5 mm long, 0.25 mm wide, with 65 
chaetigers. Body slender, elongated, filiform, without colour pattern. Prostomium 
pentagonal; 4 small eyes in open trapezoidal arrangement and 2 anterior eyespots. Palps 
similar in length to prostomium (Fig. 6A). Median antenna arising on middle of 
prostomium, with 10 articles, shorter than combined length of prostomium and palps; 
lateral antennae slightly longer than median one, with about 12 articles. Peristomium 
shorter than subsequent segments (Fig. 6A). Dorsal tentacular cirri longer than antennae, 
with about 13 articles; ventral tentacular cirri about half as long as dorsal ones, with 7 
articles. Dorsal cirri allsimilar, shorter or similar in length to body width, with few 
articles, (Fig. 6A), anterior-most dorsal cirri with about 10–12 articles, 10–8 articles from 
midbody to posterior end. Anterior parapodia with about 7 compound chaetae each, 
diminishing to 5 compound chaetae on each posterior parapodium; on anterior parapodia, 
chaetae slender, elongated, blades with proximal tooth slightly longer than distal one, 
smooth or with very short spines on margin, blades 21 µm long dorsally, 12 µm long 
ventrally (Fig. 6B); after first chaetiger, chaetae becoming shorter, all similar, with large, 
distally curved shafts and short, smooth blades, with long proximal tooth and short, acute 
distal tooth, blades about 12–10 µm long (Fig. 6D). Dorsal simple chaetae on posterior 
parapodia only, slender, smooth, distally bidentate (Fig. 6E). Ventral simple chaeta on far 
posterior segments only, smooth, bidentate, with proximal tooth larger than distal one 
(Fig. 6F). Anterior parapodia with 2 acuminate aciculae each, one of them subdistally 
inflated (Fig. 6C), single acicula per parapodium from midbody onwards, subdistally 
inflated, acuminate, larger than anterior ones (Fig. 6G). Pharynx extending through about 
7 segments; pharyngeal tooth on anterior margin of pharynx (Fig. 6A). Proventricle 
through 4 segments, with about 30 muscle cell rows. Pygidium with 2 anal cirri, with 7 
articles each. 
Remarks. No species of this genus has similar compound chaetae, so we describe it as a 
new species, although we only have one specimen. Other species with unusual posterior 
compound chaetae with short blades are Syllis bifurcata (Hartmann-Schröder, 1980), 
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Figure 6. Syllis karlae n. sp. (AM W48534). A, anterior end, dorsal view. B, compound chaetae, anterior 
parapodium. C, aciculae, anterior parapodium. D, compound chaetae, posterior parapodium. E, dorsal 
simple chaeta. F, ventral simple chaeta. G, acicula, posterior parapodium. Scale bars: A, 0.18 mm. B–G, 
20 µm. 
 
 
from the W Indian and Caribbean Sea, S. bifida (Hartmann-Schröder, 1986), from 
Subantarctic, and Syllis curticirris (Hartmann-Schröder, 1981), from the Meteor Bank, 
central Atlantic. All these three species have different chaetae, with spines on margin of 
blades (see Licher, 1999) which lacks S. karlae, n. sp. Syllis bifurcata also has a strong 
subdistal spur on shafts of compound chaetae, which lacks S. karlae, n. sp. Syllis bifida 
has the distal tooth of posterior blades very short and very close to proximal tooth; such 
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teeth in S. karlae are no so small and clearly separated from proximal teeth. Finally, the 
posterior compound chaetae of S. curticirris has distal teeth thicker and shorter than those 
of S. karlae n. sp., and the proximal teeth are not so elongated as in S. karlae.  
Etymology. The new species is named after Karla Paresque, colleague and friend, for her 
important contributions to the knowledge of the family Syllidae. 
Habitat. Dead coral substrate. 
Distribution. Australia (Western Australia).  
 
 
Syllis khroni Ehlers, 1864 
Fig. 7 
Syllis krohnii Ehlers, 1864: 233, pl. 10, figs 1–4.  San Martín, 2003: 386, figs 211, 212. 
Typosyllis (Syllis) krohnii. – Langerhans, 1879: 529, fig. 2. 
Typosyllis krohnii.  Langerhans, 1881: 102.  Campoy 1982: 430, pls 53, 54. 
Typosyllis krohni Licher 1999: 205, pl. 87. 
Syllis (Typosyllis) krohnii. Fauvel 1923: 259, figs 96 a–e.  
Typosyllis (Typosyllis) krohni.  Hartmann-Schröder 1991: 28 (in part). 
 
Material examined. AUSTRALIA, QUEENSLAND. Heron Island, North Reef, coralline sand, 4 
Feb. 1976, 13 specimens (HZM P-21006) coll. and id. G. Hartmann-Schröder,. 
Additional material. NEW ZEALAND. Kermadec Biodiscovery Expedition, 2011: Kermadec 
Islands, Raoul Island, “Fishing Rock” landing, 29° 15' 03" S, 177° 54' 12" W, algal turf, 1 m, 18 
May 2011, 7 specimens (AM W42886). SPAIN. Nerja, Málaga, calcareous algae, 14 Jun 1983, 1 
specimen (MNCN 16.01/8180). 
Description. Longest Australian specimen 25 mm long, 1.5 mm wide, with 84 chaetigers. 
Body robust, large; without colour in examined Australian specimens. Prostomium oval; 
4 eyes in trapezoidal arrangement. Palps robust, slightly longer than prostomium (Fig. 
7A). Median antenna arising slightly in front of posterior eyes, with about 25 articles, 
slightly longer than combined length of prostomium and palps; lateral antennae about 2/3 
length of median one, with about 18 articles. Peristomium slightly shorter than 
subsequent segments (Fig. 7A). Dorsal tentacular cirri similar in length to median 
antenna, with about 25 articles; ventral tentacular cirri about 2/3 as long as ventral ones. 
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Figure 7. Syllis krohni Ehlers, 1864 (HZM P-21006). A, anterior end, dorsal view. B, compound chaetae, 
anterior parapodium. C, compound chaetae, midbody parapodium. D, compound chaetae, posterior 
parapodium. E, aciculae, anterior parapodium. F, aciculae, midbody parapodium. G, aciculae, posterior 
parapodium. Scale bars: A, 0.4 mm. B–G, 20 µm. 
 
 
Dorsal cirri of anterior segments alternating long, thick, inflated, with numerous short 
articles, and other shorter, not inflated, with fewer articles (Fig. 7A); dorsal cirri of 
chaetigers 1, 3, 6 markedly inflated, with about 50, 35, 33 articles respectively. Anterior 
not-inflated dorsal cirri shorter than body. with 20–25 articles. Remaining dorsal cirri 
relatively short, alternating longer and shorter. Compound chaetae heterogomph 
falcigers, slightly bidentate anteriorly (Fig. 7B), becoming almost unidentate 
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progressively in midbody (Fig. 7C) and unidentate in posterior parapodia (Fig. 7D); shafts 
gradually thicker as more posterior, with a more pronounced “spur”, especially in ventral 
ones (Fig. 7B–D). Anterior parapodia each with 18 compound chaetae, blades 36 µm long 
above, 26 µm long below (Fig. 7B); midbody parapodia with 12 compound chaetae each, 
blades 33 µm long above, 28 µm long below (Fig. 7C); posterior parapodia with 9–10 
compound chaetae each, with blades 32 µm above, 27 µm below (Fig. 7D). Dorsal and 
ventral simple chaeta not seen. Each anterior parapodium with 6–7 aciculae (Fig. 7E), 
diminishing progressively backwards to 4 in midbody (Fig. 7F), and 2 in posteriormost 
parapodia, one acute and the other distally blunt (Fig. 7G). Pharynx wide, extending 
through about 7 segments; large pharyngeal tooth near anterior margin of pharynx (Fig. 
7A). Proventricle through 9–10 segments, with about 32–36 muscle cell rows. Pygidium 
with 2 anal cirri, and median stylus. 
Remarks. This species is characterized by having long, inflated dorsal cirri on anterior 
segments, alternating with normal, non-inflated dorsal cirri; posterior compound chaetae 
unidentate (occasionally some slightly bidentate), somewhat hooked, with enlarged 
shafts; and a distinct colour pattern of transversal red bands on anterior segments (Fauvel 
1923; San Martín 2003). The presence of this species in Australia is quite surprising, but 
the Australian specimens agree well with the characters of this species, except for the 
colour pattern, absent in these specimens. Colour is easily lost after fixation and so, we 
consider that the Hartmann-Schröder’s report of this species in Australia could be valid 
(except for one specimen, see Álvarez-Campos et al. 2015a). Only by comparing 
molecular data would it be possible to elucidate if the Australian specimens are a cryptic 
species or introduced from outside waters. The most similar species in the Pacific is Syllis 
setoensis (Imajima, 1966), from Japan, Indonesia, New Zealand and Australia, but that 
species has posterior compound chaetae bidentate, with some occasional unidentate 
blades (see Álvarez-Campos et al. 2015a). 
Habitat. Widely distributed in different habitats: algae, seaweeds, coralline crustose 
algae, sand, from intertidal to sublittoral. 
Distribution. North Atlantic Ocean, from the North Sea to South Africa. Mediterranean 
Sea. Also reported from the Red Sea, Indian Ocean, NE Australia, New Zealand. 
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Syllis lunaris (Imajima, 1966), n. comb.  
Fig. 8 
 
Typosyllis lunaris Imajima, 1966: 282, fig. 61 a–n ; Licher 1999: 246, fig. 104 a–c. 
Syllis (Typosyllis) lunaris minima Ben-Eliahu, 1977: 26, figs 9 a–j.  
 
Material examined. WESTERN AUSTRALIA. Kimberley Site 50, East Montalivet Island, 
15°6'S, 125°18'E, 0 – 6 m, 15 July 1988, 1 specimen (AM W48536), coll. P. Hutchings; Houtman 
Abrolhos, Beacon Island, Goss Passage, 28°25'30"S, 113°47'E, 19 May 1994, 2 specimens (AM 
W48535).  
Description. Longest specimen 7 mm long, 0.26 mm wide, with 59 chaetigers. Body 
slender, dark, with two thin, light transversal lines on each anterior segment, disappearing 
after proventricular segments. Prostomium almost circular; 4 eyes in trapezoidal 
arrangement and 2 anterior eyespots. Palps similar in length to prostomium (Fig. 8A). 
Median antenna arising between posterior eyes, with about 22 articles, distinctly longer 
than combined length of prostomium and palps; lateral antennae shorter than median one, 
with about 16 articles; median antenna distinctly thicker than lateral ones. Peristomium 
shorter than subsequent segments, dorsally forming a fold, covering posterior median part 
of prostomium (Fig. 8A). Dorsal tentacular cirri similar in length to median antenna, with 
about 20 articles; ventral tentacular cirri about half as long as dorsal ones, with 10–12 
articles. Dorsal cirri of anterior segments distinctly longer than body width; dorsal cirri 
of chaetigers 1, 3, 4, 6, 9, 11, distinctly longer and thicker, with 35, 37, 34, 31, 31 articles, 
respectively (Fig. 8A); remaining anterior dorsal cirri shorter and slender, with 18–20 
articles; from proventricular segments, dorsal cirri alternating long cirri thick but not so 
much as anteriormost ones, with about 20 articles and short cirri, with about 10 articles 
(Fig. 8B). Dorsal cirri dark, with numerous inclusions inside articles. Parapodia distally 
slightly bilobed (Fig. 8B). Ventral cirri digitiform, shorter than parapodial lobes. 
Compound chaetae with bidentate blades, proximal tooth shorter than distal one, and short 
spines on margin, almost smooth on posterior parapodia (Fig. 8D, E, F); shafts gradually 
thicker from midbody to posterior parapodia, smooth (Fig. 8E, F). Anterior parapodia 
each with 12–13 compound chaetae, with blades somewhat elongated, 29–30 µm long 
above, 12–13 µm below (Fig. 8D); midbody parapodia with 9–11 compound chaetae, 
with blades 25 µm above, 17 µm long below (Fig. 8E); posterior parapodia with 8–9 
compound chaetae each, with blades short and triangular, 21 µm long above, 13 µm long 
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Figure 8.  Syllis lunaris (Imajima, 1966), n. comb. (AM W48535). A, anterior end, dorsal view. B, midbody 
segments, dorsal view. C, Pygidium and anal cirri. D, compound chaetae, anterior parapodium. E, 
compound chaetae, midbody parapodium. F, compound chaetae, posterior parapodium. G, dorsal simple 
chaeta. H, ventral simple chaeta. I, aciculae, anterior parapodium. J, aciculae, midbody parapodium. K, 
acicula, posterior parapodium. Scale bars: A–C, 0.4 mm. D–K, 20 µm. 
 
below (Fig. 8F). Dorsal simple chaetae on posterior parapodia only, bidentate, with both 
teeth similar and few short subdistal spines (Fig. 8G). Ventral simple chaetae only on far 
posterior segments, similar to dorsal one, smooth (Fig. 8H). Anterior parapodia with 2–3 
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aciculae each, distally acute, one more slender than other (Fig. 8I), two aciculae in each 
midbody parapodium, similar to anterior ones, but more different in size (Fig. 8J), and 
solitary acicula in each posteriormost parapodium, large, distally acute with slightly 
oblique tip (Fig. 8K), slightly protruding from parapodial lobes. Pharynx extending 
through about 10 segments; pharyngeal tooth on anterior margin of pharynx (Fig. 8A). 
Proventricle through 6–7 segments, with about 37 muscle cell rows. Pygidium with 2 anal 
cirri, with 21–23 articles (Fig. 8C). 
Remarks. These Australian specimens  differ from Syllis lunaris from Japan in having 
smaller size and an apparent different colour pattern; however these disappear or are 
modified in alcohol after long time; both have the characteristic anterior long and thick 
dorsal cirri alternating with shorter and slender ones, and the compound chaetae and 
aciculae are also very similar. Reproduction by means of dicerous stolons (fide Imajima 
1966, fig. 61n). 
Habitat. Vermetid reefs, dead corals. 
Distribution. Japan, Red Sea, Australia (Western Australia). 
 
Syllis lutea (Hartmann-Schröder, 1960) 
Fig. 9 
 
Typosyllis lutea Hartmann-Schröder, 1960: 81, pl. 2, fig. 38, pl. 5, figs 39–41.  Licher 1999: 177, 
fig. 79. 
Typosyllis (Typosyllis) lutea.  Hartmann-Schröder, 1979: 89, 1981: 27, 1982: 59, 1991: 29. 
Syllis (Typosyllis) lutea. Ben-Eliahu 1977: 40. 
Syllis lutea . Nogueira & San Martín 2002: 75, figs 13–14.  
Typosyllis regulata Imajima, 1966: 289, text-fig. 64 a–n.  Day & Hutchings 1979: 104. 
 
Material examined. WESTERN AUSTRALIA. Kimberley site 5, Slate Island, 15°32'S, 124°24'E, 
9 Jul. 1988, 1 specimen (AM W29543); WA 391, Exmouth Gulf, beach at north end of Bundegi 
Reef, 21°49'S, 114°11'E, 1–2 m, 4 January 1984, 1 specimen (AM W48544), coll. H. Stoddart; 
Houtman Abrolhos, Beacon Island, northeast entrance to Goss Passage, 28° 27' 54" S, 113° 46' 
42" E, AM W48537, 4 specimens, coll. 33 m, 25 May 1994; WA 521, Goss Passage, north end 
of Long Island, 28° 28' 18" S, 113° 46' 18" E, N end Long Island, AM W48538, 4 specimens, 
coll. 8 m, 22 May 1994; WA 511, Goss Passage, Beacon Island, 28° 25' 30" S, 113° 47' E, AM 
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W48539, 5 specimens, coll. 10 m, 18 May 1994; Goss Passage, south east end of Long Island, 
28° 28' 48" S, 113° 46' 30" E, AM W48540, 2 specimens, coll. 30 m, 22 May 1994; WA 525, 
Goss Passage, south-east end of Long Island, 28° 28' 48" S, 113° 46' 30" E, AM W48541, 4 
specimens, coll. 8 m, 22 May 1994; WA 539, off south end of Long Island, Beacon Island, 28° 
28' 48" S, 113° 46' 18" E, AM W48542, 4 specimens, coll. 4–5 m, 25 May 1994; Houtman 
Abrolhos, Beacon Island, Goss Passage, 28° 25' 30" S, 113° 47' E, AM W48543, 6 specimens, 
coll. 8 m, 22 May, 1994; WA 522, north end of Long Island, Goss Passage, 28° 27' 54" S, 113° 
46' 18" E, AM W48545, 8 specimens, coll. 22 May 1994. Whalebone (Shark Bay), rocks, 1 m, 
16 June 2008, coll. Aguado & San Martín, AM W48578, 3 specimens; Big Lagoon, Shark Bay, 
Posidonia, 0–1 m, 17 June, 2008, coll. Aguado & San Martín, 1 specimen, AM W33395. 
QUEENSLAND. R.V. Franklin, St. 7, 33º 14’21’’ S, 156º 10.68’ E, AM W48546, 2 specimens, 
coll. by sled in 133 m, May 1989. 
Description. Longest specimen examined 15 mm long, 0.25 mm wide, with 105 
chaetigers. Body long and slender, without colour pattern. Prostomium subpentagonal; 4 
eyes in trapezoidal arrangement. Palps slightly longer than prostomium (Fig. 9A). Median 
antenna arising slightly in front of posterior eyes, with 15 articles, similar to combined 
length of prostomium and palps; lateral antennae slightly shorter than median one, with 
11 articles. Peristomium similar in length to subsequent segments (Fig. 9A). Dorsal 
tentacular cirri slightly longer than median antenna, with about 19 articles; ventral 
tentacular cirri slightly shorter than dorsal ones. Dorsal cirri whip-shaped (Fig. 9A), 
slender, with distinct coiled, dark, refracting inclusions in most of articles, distinctly 
alternating long and short; long dorsal cirri longer than body width, with about 28–20 
articles in midbody, short dorsal cirri in midbody with about 13–14 articles. Compound 
chaetae heterogomph falcigers, with moderate, thin, curved, distally dressed spines, 
sometimes reaching level of proximal tooth (Fig. 9B–D); blades bidentate, both teeth 
similar on anterior parapodia (Fig. 9A) becoming gradually unequal, proximal tooth 
larger, as more posterior and ventral (Fig. 9C, D); blades and shafts gradually larger from 
midbody to posterior parapodia (Fig. 9C, D). Anterior parapodia each with 1–2 
dorsalmost compound chaetae distinctly slenderer and longer than remaining, with blades 
40 µm long, and 6–8 compound chaetae with dorso-ventral gradation in length, 35 µm 
long above, 17 µm long below (Fig. 9B); midbody parapodia with 5–6 compound chaetae 
each, blades 40 µm long above, 20 µm long below (Fig. 9C); posterior parapodia with 5–
6 compound chaetae, with blades 30 µm long above, 20 µm long below (Fig. 9D). Dorsal 
simple chaetae only on posterior parapodia, bidentate, with short subdistal spines (Fig. 
Australian Syllis re-descriptions                                                                 Chapter 1.3 
	  
 142
 
Figure 9. Syllis lutea (Hartmann-Schröder, 1960) (AM W48539). A, anterior end, dorsal view. B, 
compound chaetae, anterior parapodium. C, compound chaetae, midbody parapodium. D, compound 
chaetae, posterior parapodium. E, dorsal simple chaeta. F, ventral simple chaeta. G, aciculae, anterior 
parapodium. H, aciculae, midbody parapodium. I, acicula, posterior parapodium. Scale bars: A, 0.2 mm; 
B–I, 20 µm. 
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9E). Ventral simple chaetae only on far posterior segments, slender, bidentate (Fig. 9F). 
Aciculae subdistally inflated, acuminate, 2–3 in anterior and midbody parapodia (Fig. 9G, 
H), solitary in posterior parapodia (Fig. 9I). Pharynx long, slender, extending through 
about 9–10 segments; pharyngeal tooth close to anterior margin of pharynx (Fig. 9A). 
Proventricle through 5–6 segments, with about 33 muscle cell rows. Pygidium with 2 anal 
cirri, with 25 articles each, and median stylus. 
Remarks. This species presents some morphological variability. Specimens from 
Western Australia seem to be smaller and slenderer than those from other Australian sites. 
In some specimens, the long, slender blades of anterior parapodia can be found until 
midbody and, in some specimens, the short blades with distinctly larger proximal tooth 
may appear from midbody, and the difference in sizes between teeth can be more marked 
than in others. Finally, the spines on the margin of the blades can be proportionally longer 
in some specimens than in others. Comparison of material from different areas with 
molecular techniques may reveal a complex of different species. 
Habitat. Algae, seaweeds, dead corals, coarse sand, mud. Intertidal to sublittoral. 
Distribution. Circumtropical. Red Sea, Japan, Brazil, Cuba. Australia (Western 
Australia, Queensland). 
 
 
Syllis macrodentata (Hartmann-Schröder, 1982), n. comb.  
Figs. 10, 11 
Typosyllis (Typosyllis) macrodentata Hartmann-Schröder, 1982; 1983, 1984, 1987,1989, 1990.  
Typosyllis macrodentata. Licher 1999, in part, excluding Typosyllis (Typosyllis) macropectinans 
Hartmann-Schröder, 1982. 
 
Material examined. WESTERN AUSTRALIA: Guilderton, 1 Paratype HZM P–16757, coll. in 
brown algae and Corallina, coll. 26 Oct 1975, id. G. Hartmann–Schröder; Denmark, Ocean 
Beach, HZM P–17578, 2 specimens, coll. in brown algae, and id. G. Hartmann-Schröder. SOUTH 
AUSTRALIA: Pondalowie & Marion Bays, Yorke Peninsula, 34º 14.5’ S, 50º E, (AM W45819), 
14 specimens; Caulerpa & green algae, 3 m, coll. I. Loch, 22 Feb 1985, one mounted for SEM, 
(AM W45818). NEW SOUTH WALES: Lake Macquarie, HZM P–20023, 1 specimen, in 
amongst algae, coll. & id. G. Hartmann–Schröder. 
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Morphologically similar species. Typosyllis (Typosyllis) macropectinans. WESTERN 
AUSTRALIA, Guilderton, brown algae and Corallina, 26 Oct 1975, Holotype (HZM P–16755). 
Augusta, Saige Bay, 13 November 1975, coll. & id. Hartmann–Schröder, 1 specimen (HZM P–
17505). NEW SOUTH WALES. South of Tathra, North Kianinny Gutter, from vertical rock face 
just above carbonate sand channel, 36° 43' 59" S, 149° 59' 16" E, 10 m depth, Halopteris 
platycera, 16 Mar 2004, coll. A.J. Millar, J. Eu & S.J. Keable, 1 specimen (AM W41628); North 
of Batemans Bay, south side of Grasshopper Island, 35° 37' 57" S, 150° 19' 57" E, 16 m depth, 
Jania natalensis, 14 Mar 2004, coll. A.J. Millar, J. Eu & S.J. Keable, 5 specimens (AM W41626); 
mouth of Batemans Bay, northwest side of Tollgate Islands, hard platform with occasional rocks 
and low reefs, 35° 44' 44" S, 150° 15' 31" E, 12 m depth, Halopteris platycera, 13 Mar 2004, coll. 
A.J. Millar, J. Eu & S.J. Keable, 1 specimen (AM W41597). 
Description. Longest specimen 6 mm long (up to 6.8 mm fide Licher 1999), 0.3 mm 
wide, with 86 chaetigers. Body relatively short and wide, preserved specimen without 
colour pattern. Prostomium oval; 4 eyes in trapezoidal arrangement. Palps similar in 
length to prostomium (Figs 10A, 11B). Median antenna arising between posterior eyes, 
with about 18 articles, similar in length to combined length of prostomium and palps; 
lateral antennae shorter than median one, with about 10 articles. Peristomium shorter than 
subsequent segments (Figs 10A, 11A). Dorsal tentacular cirri similar in length to median 
antenna, with about 17 articles; ventral tentacular cirri with 12–14 articles. Dorsal cirri 
shorter than body width, coiled over dorsum (Fig. 10A), most anterior longer than dorsal 
tentacular cirri, with about 33 articles (chaetiger 1); alternating long (26–28 articles) and 
short (20–23) cirri; articles with iridescent inclusions inside. Parapodia conical, distally 
truncated, with a posterior small lobe (Fig. 10A). Ventral cirri digitiform, shorter than 
parapodial lobes. Compound chaetae with short, triangular, bidentate blades, proximal 
tooth smaller than distal one, and long, coarse spines on margin, somewhat curved, with 
bent tips, similar throughout body (Figs 10B–D, 11B). Anterior parapodia each with 
about 10 compound chaetae, with blades 20 µm long above and 15–16 µm long below 
(Fig. 10B); midbody parapodia with 7–9 compound chaetae each, with blades 20 µm long 
above and 15 µm long below (Figs 10C, 11B); posterior parapodia with 4–7 compound 
chaetae each, with blades similar in shape and size to midbody ones (Fig. 10D). Dorsal 
simple chaetae on posterior parapodia only (from midbody in small specimens), relatively 
thick, distally markedly bifid (Fig. 10E). Ventral simple chaetae on far posterior segments 
only, slender, smooth, bidentate with proximal tooth shorter than distal one (Fig. 10G). 
Aciculae slender, distally rounded, slightly oblique, 2–3 in each anterior parapodium, 
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Figure 10. Syllis macrodentata (Hartmann–Schröder, 1982) n. comb. (AM W45819). A, anterior end, 
dorsal view. B, compound chaetae, anterior parapodium. C, compound chaetae, midbody parapodium. D, 
compound chaetae, posterior parapodium. E, dorsal simple chaetae, in different views. F, posterior acicula. 
G, ventral simple chaeta. Scale bars: A: 0.18 mm. B–G: 20 µm. 
 
 
solitary in each posterior parapodium (Fig. 10F). Pharynx extending through about 6 
segments (somewhat contracted in examined specimens); pharyngeal tooth oval, on 
anterior margin of pharynx (Fig. 10A). Proventricle slender, elongated, through about 6 
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segments (shorter in small specimens), with about 28–30 muscle cell rows. Pygidium 
with two anal cirri, with about 20 articles, and a median stylus. 
Remarks. Examination of the type (HZM) and several specimens in the AM of Typosyllis 
(Typosyllis) magnipectinians shows that they are different species, even belonging to 
different genera. 
Habitat. Algae in shallow depths.  
Distribution. Only reported from Australia (Western Australia, South Australia, New 
South Wales). 
 
 
 
 
 
 
 
 
Figure 11. SEM of Syllis macrodentata (Hartmann-Schröder, 1983) n. comb. (AM W45818). A, anterior 
end, dorsal view. B, compound chaetae, midbody. 
 
 
Syllis marceloi n. sp. 
Figs. 12, 13 
 
Material examined. NEW SOUTH WALES: Bass Point, 34°36'S, 150°54'E, 35–40 m, 3 January 
1991, Holotype (AM W48547); stn T4-213, Jan 1981, 1 Paratype (AM W48548), coll. by Smith 
McIntyre grab. 
Description. Holotype complete specimen, 28 mm long, 0.52 mm wide, with 177 
chaetigers; paratype smaller and incomplete. Body extremely long and slender, markedly 
cylindrical, without colour pattern. Prostomium pentagonal; 4 small eyes in open 
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Figure 12. Syllis marceloi n. sp. (AM W48547 Holotype ). A, anterior end, dorsal view. B, mid-posterior 
parapodium, lateral view. C, detail of distal part of parapodial lobe, dorsal view. D, dorsal simple chaeta. 
E, ventral simple chaeta. Scale bars: A, 0.4 mm. B–C, 0.1 mm. D–E, 20 µm. 
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trapezoidal arrangement and 2 minute anterior eyespots. Palps triangular, similar in length 
to prostomium (Fig. 12A). Median antenna arising between posterior eyes, short, slender, 
with 15 articles; lateral antennae similar to median one, but shorter, with 12–13 articles. 
Peristomium shorter than subsequent segments, dorsally covering posterior part of 
prostomium (Fig. 12A). Dorsal tentacular cirri longer than median antenna, with about 
17 articles; ventral tentacular cirri with 12 articles. Dorsal cirri slender, short, with few 
articles (Fig. 12B), shorter than body width, with some inclusions inside (Fig. 12B); 
anteriormost dorsal cirri slightly shorter than dorsal tentacular cirri, with about 19–20 
articles alternating with shorter ones, about 12 articles; from midbody backwards, 
alternating long (about 15 articles) and short (about 10 articles) dorsal cirri. Parapodia 
conical, distally bilobed (Fig. 12B, C). Ventral cirri digitiform, shorter than parapodial 
lobes (Fig. 12B). Compound chaetae with short blades, bidentate with proximal tooth 
smaller than distal one (Fig. 13A, B), except on posterior parapodia, with proximal tooth  
slightly larger than distal one (Fig. 13A–C); spines on margin short, except distal 1–3, 
reaching level of proximal tooth (Fig. 13A–C). Anterior parapodia each with about 15 
compound chaetae, blades 20 µm long above, 16 µm long below (Fig. 13A); midbody 
parapodia each with 6–7 compound chaetae, blades 26 µm long above, 16 µm long below 
(Fig. 13B); posterior parapodia each with 6 compound chaetae, blades 25 µm long above, 
20 µm long below (Fig. 13C). Dorsal simple chaetae on posterior parapodia only, 
relatively thick, unidentate, smooth (Fig. 12D). Ventral simple chaetae on far posterior 
segments only, thick, bidentate, with proximal tooth larger than distal one, smooth on 
margin (Fig. 12E). Anterior aciculae very thick, distally rounded, emerging from 
parapodial lobes, about 5 per parapodium (Fig. 13D); number and shape of aciculae 
progressively decreasing towards posterior end; 2 straight, pointed aciculae in midbody 
parapodia, one slender, and another one distinctly large, protruding from parapodial lobes 
(Fig. 13E), becoming distally oblique in posterior parapodia (Fig. 12B, C); single acicula 
in posteriormost parapodia, distinctly large, with oblique tip protruding from parapodial 
lobes (Fig. 13F). Pharynx distinctly long, slender, through more than 20 segments (17 in 
paratype; everted in holotype) (Fig. 12A); pharyngeal tooth on anterior margin of 
pharynx. Proventricle through 16 segments (13 in paratype), with about 48–50 muscle 
cell rows. Pygidium with 2 anal cirri, with 20 articles each, and median stylus. 
Remarks. Only two species of the genus Syllis have the combination of characters which 
characterizes Syllis marceloi n. sp., i.e. body long and slender, with short dorsal cirri, and 
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long pharynx and proventricle: Syllis licheri Ravara, San Martín & Moreira, 2004, and 
Syllis pontxioi San Martín & López, 2000. These two latter species also have compound 
chaetae with short, triangular blades, but they are unidentate or almost, with short spines 
or smooth in margin, in S. licheri, while blades in S. pontxioi are quite similar to those of 
S. marceloi n. sp., but the proximal tooth in posterior chaetae is not as strong, and the 
spines on margin are short; furthermore, the pharynx and proventricle are not so long as 
in S. marceloi (see Ravara et al. (2004), San Martín & López (2000) and San Martín 
(2003) for comparison).  
Figure 13. Syllis marceloi n. sp. Holotype (AM W48547). A, compound chaetae, anterior parapodium. B, 
compound chaetae, midbody parapodium. C, compound chaetae, posterior parapodium. D, aciculae, 
anterior parapodium. E, aciculae, midbody parapodium. F, acicula, posterior parapodium. Scale bar: 20 
µm.
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Etymology. The species is named after Dr. Marcelo Veronesi Fukuda, a Brazilian 
colleague and friend, for his contributions to the knowledge of polychaetes, and Syllidae 
in particular. 
Habitat. Soft sediments in 40 m. 
Distribution. Australia (New South Wales). 
 
 
Syllis monilaris Savigny in Lamarck, 1881 
Figs. 14, 15, 16 A–C 
 
Syllis monilaris Savigny in Lamarck, 1818; Savigny 1822; Savigny 1826; Licher, 1999; Álvarez-
Campos et al. 2015b. 
Syllis moniliformis [sic ; lapsus calami] Grube 1869; Licher 1999. 
 
Material examined. WESTERN AUSTRALIA: Houtman Abrolhos, NE entrance Goss Passage, 
Beacon Island, 28°27'54"S, 113°46'42"E, underneath boulders embedded in coral sand, 33 m, 25 
May 1994, 1 specimen (AM W29492), coll. Pat Hutchings. 
Morphologically similar species. El Tor (Egypt, Sinai Peninsula, Gulf of Suez), C.G. Ehrenberg 
coll., id. A.E. Grube, 2 specimens: ZMB F1941, NEOTYPE; ZMB 11529, 1 smaller specimen, 
broken in two pieces. England, off Folkestone, eastern English Channel, 51º 27’ 26’’ N, 13º 03’ 
79’’ E, coarse sediment with Sabellaria spinulosa crust, 33 m, 22 June 2014, Folkestone 
Pomerania Survey, 3 specimens (collection of APEM Ltd.).  
Description. Body of large size, elongated (Fig. 16A), complete, 33 mm long, 1 mm 
wide, with 133 chaetigers, tapered posteriorly (Fig. 16A, C). Body opaque, dark, without 
colour pattern (Figs 14A, 16A). Prostomium pentagonal; 4 eyes in trapezoidal 
arrangement. Palps robust, similar in length to prostomium (Fig. 14A). Median antenna 
between posterior eyes, with 22 articles, slightly longer than combined length of 
prostomium and palps; lateral antennae shorter than median one, with 12–14 articles each. 
Peristomium shorter than subsequent segments (Fig. 14A). Dorsal tentacular cirri shorter 
than median antenna, with about 16 articles each; ventral tentacular cirri about half length 
of dorsal ones, with 12 articles each. Dorsal cirri similar or longer than body width on 
anterior segments, becoming similar to shorter than body width from midbody 
backwards, and more or less fusiform, especially from midbody backwards (Figs 14A–
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Figure 14. Syllis monilaris Savigny in Lamarck, 1818 (AM W29492). A, anterior end, dorsal view. B, 
anterior parapodium, lateral view. C, midbody parapodium, lateral view. D, posterior parapodium, lateral 
view. Scale bars: A, 0.4mm. B–D, 0.2 mm. 
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Figure 15. Syllis monilaris Savigny in Lamarck, 1818 (AM W29492).  A, compound chaetae, anterior 
parapodium. B, compound chaetae, midbody parapodium. C, compound chaetae, posterior parapodium. 
D, aciculae, anterior parapodium. E, aciculae, midbody parapodium. F, aciculae, posterior parapodium. 
Scale bars: A–G, 20 µm. 
 
C, 16A–C), with well-defined cirrophores and articles; articles basally and distally 
smaller than medially; anteriormost dorsal cirri longer than dorsal tentacular cirri, with 
23–26 articles longer ones, 16–17 shorter ones (Fig. 14A); at proventricular level, all cirri 
becoming shorter and similar in length, with about 10–16 articles (Fig. 14A, B); in 
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Figure 16. Syllis monilaris Savigny in Lamarck, 1818 (AM W29492). A, Complete specimen. B, midbody, 
dorsal view. C, posterior end, dorsal view. Syllis nigropunctata Haswell, 1886 neotype (AM W29505). D, 
anterior end, dorsal view. E, prostomium and most anterior segments. 
 
 
midbody, dorsal cirri with 12 articles (Fig. 14C, B); in posteriormost segments, dorsal 
cirri with 10–14 articles each, much shorterand smaller than those of midbody, (Fig. 
14D). Parapodia conical, distally bilobed on dorsal view (Fig. 14A). Ventral cirri 
digitiform, longer than parapodial lobes on anterior parapodia, becoming shorter from 
midbody onwards (Fig. 14B–D). Chaetae heterogomph compound, with thick shafts and 
short, triangular, unidentate blades, or very indistinctly bidentate with a minute proximal 
tooth, sometimes with short spines on margin, but blades usually smooth or almost 
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smooth, similar in shape and size throughout body (Figs 15A–C). Usually dorsal-most 
falciger on each parapodium with slightly thicker shaft than remaining ones, especially 
in midbody (Fig. 15C). Anterior parapodia each with 9 compound chaetae, blades slightly 
elongated, 57–39 µm long (Fig. 15A); midbody parapodia with 4–6 compound chaetae 
each, 43–34 µm long (Fig. 15B); posterior parapodia with 4–5 compound chaetae each, 
blades around 34 µm long (Fig. 15C). Dorsal and ventral simple chaetae not seen. 
Anterior parapodia each with 3–4 small aciculae, distally blunt (Fig. 15D); midbody 
parapodia with three aciculae, similar to those of anterior parapodia, but larger (Fig. 15E) 
two distally blunt and other slightly acuminate aciculae in each posterior parapodia (Fig. 
15F). Pharynx extending through about 14 segments; pharyngeal tooth on anterior margin 
of pharynx. Proventricle extending for 13 segments; number of muscle cell rows not 
possible to count. Apparently, posterior part of body broken and regenerated (Fig. 16C). 
Remarks. This specimen agrees perfectly with the description of the neotype (Álvarez-
Campos et al. 2015b), with small differences in size, number of articles of some cirri and 
other minor details. 
Distribution. Red Sea, Australia (Western Australia); some reports from the 
Mediterranean and English Channel.   
 
 
Syllis nigropunctata Haswell, 1886 
Figs. 16D, E, 17, 18 
 
Syllis nigropunctata Haswell, 1886. 
Typosyllis variegata non Grube, Licher 1999 (in part). 
 
Material examined. NEW SOUTH WALES: 50 m west of Split Solitary Island, Stn NSW 677, 
30°14'S, 153°10'48"E, Herdmania momus, rocks, sponges and ascidians, 16 m, 7 March 
1992Neotype (AM W48549) coll. P. Hutchings & C. Rose; 50 m west of Split Solitary Island, 
30° 14' S, 153° 10' 48" E, (AM W29505), 5 specimens, coll. 7 Mar 1992; north east side of Little 
Broughton Island, north east of Port Stephens, 32°37' 5" S, 152° 20' 6" E, (AM W48552), 25 
specimens, coll. 11 Mar 2006; Golf Course bommie, 500 m north-east of Ulladulla Head, NSW 
1298, 35° 20' 28" S, 150° 29' 12" E, (AM W48550), 2 specimens, coll. 15 m, 2 May 1997; 150 m 
east of Burrill Rocks, NSW 1288, 35° 23' 24" S, 150° 28' 10" E, (AM W29507), 2 specimens, 
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coll. 1 May 1997; Fairlight, Port Jackson, NSW 2941, 33° 48' S, 151° 17' E, (AM W48551), 2 
specimens, coll. 19 Feb 2006. 
Description. Longest specimen examined 17 mm long, 1.3 mm wide, with 93 chaetigers. 
Body long, robust, with a distinct colour pattern; dorsum dark brown, with one distinct 
unpigmented oval area on laterals, and 2 anterior and 2 posterior irregular areas on each 
segment; alternating one segment more strongly pigmented and other lighter (Figs 16D, 
E, 17A), and one additional dark spot on cirrophores (Fig. 17A), not present in all 
specimens; in some specimens all anterior segments are strongly pigmented; from 
midbody to posterior segments, one transversal, slender line of pigment on each segment, 
alternating darker and lighter. Prostomium oval; 4 eyes in trapezoidal arrangement. Palps 
broad, similar in length to prostomium (Figs 16D, E, 17A, 18A). Median antenna arising 
on middle of prostomium, with about 16 articles, longer than combined length of 
prostomium and palps; lateral antennae shorter than median one, with about 14 articles. 
Peristomium dorsally reduced, covered by chaetiger 1 (Figs 17A, 18A). Dorsal tentacular 
cirri longer than median antenna, with about 23 articles; ventral tentacular cirri about half 
as long as dorsal ones, with 10 articles. Dorsal cirri thick, dark, tapered, with coiled 
inclusions in articles, alternating long cirri, longer than body width, with about 32 articles, 
and short cirri, shorter than body width, with about 18 articles (Figs 16D, 17A, 18A); 
dorsal cirri dorsally coiled over dorsum, more markedly in longer ones (Figs 16D, 17A, 
18A). Parapodial lobes distinctly bilobed (Figs 17A, 18A, C). Ventral cirri digitiform, 
shorter than parapodial lobes. Compound chaetae with short bidentate falcigers, blades 
with proximal tooth slightly smaller or similar in size than distal one, and short to 
moderate spines on margin; shafts with some short subdistal spines, smooth on posterior 
segments, especially inventralmost chaetae, thicker as more ventral and posterior (Figs 
17B, D, F, 18B–D); antero-posterior and dorso-ventral gradation in length of blades,  
(Figs 17B, D, F, 18B-D). Anterior parapodia each with about 18 compound chaetae, with 
blades 43 µm long above, 33 µm long below (Figs 17B, 18B); midbody parapodia with 
10 compound chaetae each, blades similar to anterior ones (Figs 17D, 18C); posterior 
parapodia with 8–10 compound chaetae each, blades all similar, distinctly short, 23 µm 
long above, 21 µm long below (Figs 17F, 18D). Dorsal simple chaetae on posterior 
parapodia only, bidentate, both teeth similar, with short subdistal spines (Fig. 17H). 
Ventral simple chaetae on far posterior segments only, smooth, bidentate, proximal tooth 
small (Fig. 17G). Anterior parapodia with 5–7 slender aciculae each (Fig. 17C), 
progressively becoming fewer in number and larger, 2 in each midbody parapodium, one 
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thick, distally straight, and other acuminate (Fig. 17E), and solitary acicula in each 
posterior parapodium, slightly acuminate (Fig. 17I). Pharynx extending through about 14 
segments; pharyngeal tooth on anterior margin of pharynx. Proventricle through 16–18 
segments, with about 45 muscle cell rows (larger specimens; after dissection). Pygidium 
with 2 anal cirri, with 30 articles, and median stylus. 
Figure 17. Syllis nigropunctata Haswell, 1886 neotype (AM W29505). A, anterior end, dorsal view. B, 
compound chaetae, anterior parapodium. C, aciculae, anterior parapodium. D, compound chaetae, midbody 
parapodium. E, aciculae, midbody parapodium. F, compound chaetae, posterior parapodium. G, dorsal 
simple chaeta. H, ventral simple chaeta. I, acicula, posterior parapodium.  Scale Bars: A, 0.4 mm; B–I: 20 
µm.
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Figure 18. Syllis nigropunctata Haswell, 1886. SEM (AM W29505) . A, anterior end, dorsal view. B, 
compound chaetae, anterior parapodium. C, compound chaetae, midbody parapodium. D, compound 
chaetae, posterior parapodium.  
 
 
Remarks. The original types are lost. Licher (1999) considered this species as a 
synonymy of S. variegata Grube, 1860; both species have an apparent similar marked 
colour pattern, but they are rather different, with marked differences in grade of 
pigmentation among alternate segments in some specimens of S. nigropunctata; also the 
posterior acicula in S. variegata is large, straight, distinctly protruding out from 
parapodial lobes, instead of slightly acuminate, not large nor protruding as in S. 
nigropunctata. Also, the compound chaetae are different, although showing some 
similarities (see San Martín, 2003). So, we consider S. nigropunctata as a valid species. 
Haswell (1886) stated that this species reproduces by means of sexual stolons, but he did 
not describe the kind of stolon. One of the examined specimens was developing a sexual 
stolon, but it is not possible to assess of which kind. 
Habitat. Under stones from intertidal zone to shallow waters.  
Distribution. Australia (New South Wales). 
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Syllis pectinans Haswell, 1920 
Fig. 19 
 
Syllis (Typosyllis) pectinans Haswell, 1920b.  
Syllis pectinans. López, et al. 1996; San Martín, 2003. 
Typosyllis pectinans. Hartmann-Schröder 1962; 1965; San Martín et al. 1985; Licher 1999.  
Typosyllis (Typosyllis) linconlensis Hartmann-Schröder, 1985; 1986; 1987; 1989; 1990.  
 
Material examined. NEW SOUTH WALES. Port Jackson, 33º 51’S, 151º 16’E, syntypes AM W 
509; Middle Harbour, Fairlight, 33° 48' S, 151° 16' 30" E, AM W32041, 2 specimens, coll. 6 Oct 
2005; Newport, 33° 39' S, 151° 19' E, AM W32037, 2 specimens, coll. 22 Jul 2005; south 
Maroubra, 33° 54' S, 151° 12' E, AM W32046, 4 specimens, coll. 5 Feb 2006. WESTERN 
AUSTRALIA: Jurien Harbour, 30° 17' 19" S, 115° 2' 39" E, AM W48556, coll. in algae, 
intertidal, by Aguado & San Martín, 22 June 2008. 
Morphologically similar species. Typosyllis (Typosyllis) linconlensis. Port Lincoln, Sleaford Bay 
(South Australia) algae, 3 December 1975, coll. and leg. Hartmann-Schröder, 3 Paratypes (ZMH 
P-18377). 
Description. Longest specimen examined 6 mm long, 0.56 mm wide, with 65 chaetigers; 
up to 20 mm long when alive and relaxed (fide Haswell 1920b). Fixed specimens 
contracted, broad, but slender and elongated alive (fide Haswell 1920b). Some of the 
examined specimens with a marked colour contrast; anterior part with reddish-brown 
spots, densely distributed, and green-blue-grey pigmented after proventricle, probably 
because food particles inside gut; however, some specimens without colour pattern, 
others without colour pattern anteriorly but greenish food particles posteriorly and others 
with slender stripes on anterior segments; paratypes of T. (T.) liconlnensis without 
colours. Prostomium more or less elliptical; 4 eyes in open trapezoidal arrangement, 
sometimes also 2 anterior eyespots. Palps similar in length to prostomium (Fig. 19A). 
Median antenna arising in front of anterior eyes, almost on middle of prostomium, with 
33–35 articles, slightly longer than combined length of prostomium and palps; lateral 
antennae shorter than median one, with about 25 articles. Peristomium shorter than 
subsequent segments (Fig. 19A). Dorsal tentacular cirri slightly longer than median 
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Figure 19. Syllis pectinans Haswell, 1920 (AM W32046). A, anterior end, dorsal view. B, compound 
chaetae, anterior parapodium. C, aciculae, anterior parapodium. D, compound chaetae, posterior 
parapodium. E, dorsal simple chaeta. F, acicula, posterior parapodium. G, ventral simple chaeta. Scale bars: 
A: 0.18 mm. B–G: 20 µm. 
 
 
antenna, with about 28 articles; ventral tentacular cirri distinctly shorter than dorsal ones, 
with about 15 articles. Dorsal cirri elongated, alternating long, similar in length to body 
width, and short, with 30–32/25–20 articles (Fig. 19A), about 22–17 on mid-posterior 
segments; anteriormost dorsal cirri somewhat longer than dorsal tentacular cirri, with up 
to 36 articles. Parapodia distally bilobed (Fig. 19A). Ventral cirri digitiform. Compound 
chaetae with blades unidentate, or very slightly bidentate with a minute proximal tooth, 
  
Australian Syllis re-descriptions                                                                 Chapter 1.3 
	  
 160
somewhat hooked and long, marked spines on margin, diminishing in length from bases 
to distal part (Fig. 19B, D); shafts of posterior chaetae somewhat larger and smooth; 
blades of compound chaetae on anterior parapodia longer (about 23–22 µm long above, 
18–20 µm long below) (Fig. 19B) than those of posterior parapodia (about 18–20 µm 
long above, 15 µm long below) (Fig. 19D). Anterior parapodia each with about 7 
compound chaetae, posterior parapodia with 6 compound chaetae each. Dorsal simple 
chaetae on posterior parapodia only, relatively thick, unidentate or with minute proximal 
tooth and subdistal spines (Fig. 19E). Ventral simple chaetae on far posterior segments 
only, slender, apparently unidentate and smooth (Fig. 19G) (slightly bidentate fide 
Haswell 1920b). Aciculae distally rounded, apparently hollow on tips (Figs 19C, F), 3–4 
on each anterior parapodium, solitary on each posterior one (Fig. 19F). Pharynx extending 
through about 8 segments; pharyngeal tooth located on anterior third of pharynx, far away 
from anterior margin (Fig. 19A). Proventricle through about 7–8 segments, with about 35 
muscle cell rows. Pygidium with 2 anal cirri, with about 20 articles, and median stylus. 
Remarks. Haswell (1920b) stated that this species reproduces by means of sexual 
stolons, but did not describe the kind of stolon.  
Habitat.  In biogenic concretions (serpulids masses, vermetid reefs, calcareous algae, 
mussels), and in coarse sand; intertidal and low depths.  
Distribution. Widely reported through the Pacific Ocean (Australia, Chile, Panamá) and 
also in the Iberian Peninsula (Mediterranean and Atlantic coasts). In Australia reported 
in New South Wales, South Australia and Western Australia, but probably present all 
around Australia. 
 
 
Syllis rosea (Langerhans, 1879) 
Fig. 20 
 
Ehlersia (Syllis) rosea Langerhans, 1879: 538, fig. 5. 
Ehlersia rosea. Langerhans 1881: 98. 
Langerhansia rosea. Imajima 1966: 259, text-fig. 52 a–m ; Campoy 1982: 395, pls. 41–43. 
Langerhansia rosea curticirris Ben-Eliahu, 1977: 44, figs 18 a–h.  
Typosyllis rosea. Licher 1999: 44, fig. 21a–o. 
Syllis rosea. San Martín 2003: 358, fig. 194A–I. 
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Material examined. WESTERN AUSTRALIA: Kimberley, west side of Cassini Island, St. 59, 
13° 57' S, 125° 37' E, AM W48558, 1 specimen, 18 Jul 1988, coll. P. Hutchings; south side of 
North Slate Island, St. 5, 15° 32' S, 124° 24' E, AM W48559, 2 specimens, coll. 9 July 1988, by 
P. Hutchings; Condillac Island, St. 54, 14° 6' S, 125° 33' E, AM W48563, 5 specimens, coll. 16 
July 1988 by P. Hutchings; Houtman Abrolhos, Beacon Island, Goss Passage, WA 511, 28° 25' 
30" S, 113° 47' E, AM W48560, 1 specimen, 10 m, coll. 18 May 1994; off south end of Long 
Island, Beacon Island, WA 539, 28° 28' 48" S, 113° 46' 18" E, AM W48561, 18 specimens, coll. 
4–5 m, May 1994; south end of Long Island, Beacon Island, WA 524, 28° 28' 48" S, 113° 46' 30" 
E, AM W48562, 5 specimens, coll. 30 m, 22 May 1994; Goss Passage, Beacon Island, WA 511, 
28° 28' 48" S, 113° 46' 30" E, AM W48560, 1 specimen, coll. 10 m, 22 May 1994; Beacon Island, 
Goss Passage , WA 518, 28° 25' 30"S, 113° 47' E, AM W48564, 9 specimens, coll. 8 m, 22 May 
1994; Warnbro Sound, West of Penguin Island, 32º 20’S, 115º 43’E, AM W29518, 1 specimen, 
coll. from reef substrate, algal sponge, 5 m, 21 Mar 1993 by P. Hutchings. NORTHERN 
TERRITORY: Darwin Harbour, off Nightcliff, Old Man's Rock, NT 318, AM W48565, 2 
specimens, coll. 17 July 1993. 
Description. Longest specimen examined 15 mm long, 0.175 mm wide, with 117 
chaetigers. Body long and slender, filiform, without colour pattern; segments well 
marked, with deep intersegmental constrictions in midbody segments. Prostomium 
rounded; 4 eyes in open trapezoidal arrangement. Palps elongated, longer than 
prostomium (Fig. 20A). Median antenna arising on middle of prostomium, with 18 
articles, distinctly longer than combined length of prostomium and palps; lateral antennae 
about half of length of median one, with 12–13 articles. Peristomium distinctly shorter 
than subsequent segments (Fig. 20A). Dorsal tentacular cirri shorter than median antenna, 
with about 14–15 articles; ventral tentacular cirri, with 10–11 articles. Dorsal cirri of 
chaetiger 1 long, with 20–21 articles, distinctly longer than body width (Fig. 20A), 
subsequent dorsal cirri shorter than body width, with few articles, alternating in length, 
13–10 articles on anterior segments (Fig. 20A), 9–10 articles in midbody, with articles of  
different sizes  (Fig. 20B); dorsal cirri relatively thick, with numerous coiled, hyaline 
inclusions on articles (Fig. 20B). Ventral cirri digitiform, shorter than parapodial lobes. 
Compound chaetae of anteriormost and posterior parapodia elongated, bidentate 
falcigers; after few anterior parapodia, blade of dorsalmost compound chaetae distinctly 
elongated, short spiniger-like, about 62 µm long throughout, anteriorly bidentate (Fig. 
20C), indistinctly bidentate to unidentate in midbody, tip broad and rounded, (Fig. 20F). 
Each anteriormost parapodium with 10 falcigers; anterior and midbody parapodia each 
with 1 spiniger-like and 4 falcigers, bidentate, with short to moderate spines on margin, 
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Figure 20. Syllis rosea (Langerhans, 1879) (AM W48561). A, anterior end, dorsal view. B, midbody dorsal 
cirri. C, spiniger-like compound chaeta, anterior parapodium. D, falcigers, anterior parapodium. E, acicula, 
anterior parapodium. F, spiniger-like compound chaeta, posterior parapodium. G, falcigers, posterior 
parapodium. H, dorsal simple chaeta. I, ventral simple chaeta. J,, acicula, posterior parapodium. Scale bars: 
A: 1 mm. B: 0.1 mm. C–J: 40 µm. 
 
 
16 µm long above, 9 µm long below (Fig. 20D); posterior parapodia each with 1 spiniger-
like chaeta and 2–4 falcigers, similar to those of midbody (Fig. 20G); posterior parapodia 
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with 4–5 falcigers. Dorsal simple chaetae on posterior parapodia only, truncate, slightly 
bifid, with few, short subdistal spines (Fig. 20H). Ventral simple chaetae on far posterior 
segments only, bidentate, with short spines on margin (Fig. 20I). Aciculae distally bent 
at right angle (Fig. 20E, J), usually solitary, two aciculae in anterior parapodia of longer 
specimens. Pharynx extending through about 10 segments; pharyngeal tooth on anterior 
margin of pharynx (Fig. 20A). Proventricle through 4–5 segments, with about 28–30 
muscle cell rows. Pygidium with 2 anal cirri, with 10–11 articles, and median stylus. 
Remarks.  Specimens from Australian agree well with the descriptions of S. rosea from 
other areas of the world, but the tip of midbody spiniger-like chaetae in some specimens 
are markedly less rounded and broad, than in specimens from other areas. However, 
general characters of body, aciculae and chaetae agree perfectly, so we do not consider 
there is enough difference to describe a new species. The species is also very similar to 
S. erikae, described above; both species have long and slender body, truncate dorsal 
simple chaeta, and posterior aciculae “foot-like”, as well as the same kind of stolon 
(Tetracerous); however, S. rosea has spiniger-like chaetae, which are lacking in S. erikae.  
Habitat. Biogenic concretions (calcareous algae, vermetid reefs, dead corals) algae, 
rizhomes of seaweeds, coarse sand, among mussels, corals and inside sponges (San 
Martín, 2003). 
Distribution. Eastern Atlantic, from NW of Iberina Peninsula to Canary Islands. Warm 
areas of the Mediterranean Sea, Red Sea, Pacific Ocean (Japan, Solomon Islands). 
Australia (Western Australia and Northern Territory). This is a new record for Australia. 
 
 
 
Syllis warrnamboolensis (Hartmann-Schröder, 1987), n. comb. 
Figs. 21, 22 
 
Typosyllis (Typosyllis) warrnamboolensis Hartmann-Schröder, 1987: 35, figs 7‒9; 1989: 21. 
Typosyllis warrnamboolensis.  Licher 1999: 108, fig. 50. 
Typosyllis (Typosyllis) geelongensis Hartmann-Schröder 1987: 36, figs 10‒12; 1989: 20; 1990: 
46. 
Typosyllis (Typosyllis) riseri Hartmann-Schröder, 1989: 22, figs 24‒27; 1990: 48; 1991: 29. 
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Material examined. QUEENSLAND: Lizard Island, Creefs Lizard Island Expedition, 2010: 
Watson Bay, 14° 39' 26" S, 145° 27' 03" E AM W41722, 4 specimens, one mounted for SEM 
AM W42419.001, coll. coral rubble, 4.5 m, 28 August, 2010; High Rock, 14° 49' 34" S, 145° 33' 
08" E, AM W41704, 4 specimens, coll. coral rubble, 20.1 m, 11 Sept. 2010. WESTERN 
AUSTRALIA: Woodside Kimberley Survey, 2009, 15° 56' 40" S, 124° 16' 00" E, AM W42535, 
3 specimens, coll.  intertidal, 22 October, 2009; Adele Island, sublittoral fore-reef slope, 15° 34' 
48" S , 123° 9' 26" E, AM W42537; 1 specimen, coll. 7.5 m, 18 Oct 2009; Montgomery Reef, 15° 
52' 35" S, 124° 19' 48" E, AM W42536, 1 specimen, coll. mid-littoral fore-reef ramp, intertidal, 
20 October, 2009. 
Morphologically similar species. Typosyllis (Typosyllis) warrnamboolensis Southheads Lake 
Macquarie NSW, HZM P‒20025, 2 specimens. Typosyllis (Typosyllis) geelongensis Port 
Lonsdale (South Australia), 24 December 1975, coll. and leg. Hartmann-Schröder, 2 Paratypes 
(HZM P-18862). Typosyllis (Typosyllis) riseri. Southheads Lake Macquarie, 15 January 1976, 
coll. and leg. Hartmann-Schröder, 1 Paratype (HZM P-19660).  
Description. Body elongated, relatively slender, delicate. Largest complete examined 
specimen 13.5 mm long, 0.1 mm wide, with 92 chaetigers. A thin orange transversal line 
on anterior part of anterior segments (Figs 21A, 22 A, B). Prostomium oval, wider than 
long, with two pairs of red-orange eyes in trapezoidal arrangement (Figs 21A, 22A, B). 
Median antenna inserted on middle of prostomium, between anterior pair of eyes, longer 
than combined length of prostomium and palps, with 33–35 articles (Figs 21A, 22A); 
lateral antennae shorter, inserted at anterior margin of prostomium, with 18–20 articles 
(Figs. 21A, 22A, B). Palps triangular, longer than prostomium (Figs 21A, 22 A, B). 
Nuchal organs not seen. Peristomium similar in length to subsequent segments (Figs 21A, 
22B). Dorsal tentacular cirri slightly shorter than median antenna, with 25–28 articles; 
ventral ones shorter, with 14–16 articles (Figs 21A, 22B). Dorsal cirri relatively slender, 
elongate, anterior ones with 25‒30 articles, midbody to posterior ones with 18‒22 articles, 
alternating long and short cirri (Fig. 21A); dark inclusions inside articles. Anterior and 
midbody parapodia each with 8 to 10 compound chaetae each, reducing progressively to 
5 chaetae on each posterior parapodium. Blades bidentate, both teeth similar, and short 
spines on margin; dorsoventral gradation in length, 22 µm long above, 10 µm long below 
on anterior parapodia; 20‒8 µm long on midbody and posterior parapodia) (Figs 21B-D, 
22E‒F, H). Dorsal simple chaetae on posterior parapodia only, distally bifid, with short 
subdistal spines (Figs 21E, 22H); ventral simple chaetae on posterior parapodia only, 
gently bidentate, with few subdistal spines, slightly curved (Figs 21 F, 22G, H). Three
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Figure 21. Syllis warrnamboolensis (Hartmann-Schröder, 1987), n. comb. (AM W.41722). A, anterior end, 
dorsal view. B, compound chaetae, anterior parapodium. C, compound chaetae, midbody. D, compound 
chaetae, posterior parapodium. E, dorsal simple chaeta. F, ventral simple chaeta. G, aciculae, anterior 
parapodium. H, acicula, midbody. I, acicula, posterior parapodium. Scale bars: A, 0.1 mm. B‒I: 20 µm. 
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Figure 22. SEM of Syllis warrnamboolensis (Hartmann-Schröder, 1987), n. comb. (AM W.42419). A, 
Anterior end, dorsal view. B, prostomium. C, stolon. Scanning Electron Micrographs: D, anterior end, 
dorsal view. E, compound chaetae, anterior parapodium. F, compound chaetae, midbody parapodium. G, 
ventral simple chaetae, posterior parapodium. H, compound chaetae and dorsal simple chaetae, posterior 
parapodium. 
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straight aciculae in each anterior parapodium, sometimes 4, one distally curved (Fig. 
21G). Single acicula in each midbody and posterior parapodium, almost straight, slightly 
curved distally (Fig. 21H, I), tip protruding from parapodial lobe. Pharynx longer than 
proventricle, extending through 12 segments; conical tooth located on anterior margin. 
Proventricle through 5 segments with about 38 muscle cell rows (Fig. 21A). Pygidium 
small, with 2 anal cirri with about 20 articles each and a short median stylus. One 
specimen with a developing Dicerous stolon, with 10 chaetigers (Fig. 22C). 
Remarks. The specimens agree well with the description of Typosyllis warrnamboolensis 
of Licher (1999), except in details of the aciculae. S. warramboolensis is a difficult 
species to identify, since it lacks distinctive characters, except for the colour pattern, 
which is not very conspicuous and easily lost after fixation. The most similar species are 
S. variegata Grube, 1860 and S. westheidei San Martín, 1982.  All these three species 
have similar chaetae and aciculae, but they have different colour pattern, and the shape 
of the aciculae. In S. variegata  the colour pattern is composed by transversal and strongly 
marked figures of 8; similar colour pattern is present in S. westheidei, but much less 
marked, and thin transversal lines on each anterior segment in S. warrnamboolensis. The 
posterioraciculae are totally straight, thick, distinctly protruding out from parapodial 
lobes in S. variegata, and more acuminate, no protruding in the S. westheidei and S. 
warrnamboolensis, which also have smaller proximal tooth in the compound chaetae (see 
San Martín, 2003). This is the first description of  the stolon of this species.. 
Habitat. Coral rubble, algae. 
Distribution. Australia (Victoria, New South Wales, Queensland, Tasmania, South 
Australia). 
 
 
Syllis yallingupensis (Hartmann-Schröder, 1982) n. comb. 
Fig. 23 
 
Typosyllis (Langerhansia) yallingupensis Hartmann-Schröder, 1982: 63, figs 37‒40.  
Typosyllis yallingupensis . Licher 1999: 84, fig. 39. 
 
Material examined. WESTERN AUSTRALIA: Houtman Abrolhos, Beacon Island, Goss 
Passage, WA 517, 28° 25' 30" S, 113° 47' E, AM W48573, 1 specimen, coll. 24 m, 21 May 1994; 
Australian Syllis re-descriptions                                                                 Chapter 1.3 
	  
 168
Goss Passage, south east end of Long Island, WA 524, 28° 28' 48" S, 113° 46' 30" E, AM 
W48574, 3 specimens, coll. 30 m, 22 May 1994; Beacon Island, northeast entrance to Goss 
Passage, WA 536, 28° 27' 54" S, 113° 46' 42" E, AM W48575, 1 specimen, coll. 33 m, 25 May 
1994; Beacon Island, Goss Passage, WA 518, 28° 25' 30" S, 113° 47' E, AM W48576, 2 
specimens, coll. 8 m, 22 May 1994; Goss Passage, north end of Long Island , WA 521, 28° 28' 
18" S, 113° 46' 18" E, AM W48577, 2 specimens, coll. 8 m, 22 May 1994. 
Description. Longest examined specimen 13 mm long, 0.41 mm wide, with 119 
chaetigers. Body slender elongated, filiform, without colour pattern. Prostomium 
rounded; 4 eyes in trapezoidal arrangement and 2 anterior eyespots. Palps elongated, 
slightly longer than prostomium (Fig. 23A). Median antenna arising on posterior part of 
prostomium, between posterior eyes, with about 25 articles, distinctly longer than 
combined length of prostomium and palps; lateral antennae about half length of median 
one, with 17 articles. Peristomium shorter than subsequent segments (Fig. 23A). Dorsal 
tentacular cirri slightly shorter than median antenna, with about 23–25 articles; ventral 
tentacular cirri about 2/3 as long as dorsal ones, with about 16 articles. Dorsal cirri 
slender, elongated, whip-shapped, similar or longer than body width, with numerous, dark 
inclusions in articles (Fig. 23A, B), anteriormost longer than dorsal tentacular cirri. 
Number of articles in chaetigers 1, 2, 3, 4, and 5, respectively 30, 14, 28, 30, 14 articles. 
In midbody, distinctly alternating long cirri, with 28–30 articles, and short cirri, with 18–
19 articles (Fig. 23B). Parapodia conical. Ventral cirri shorter or similar in length to 
parapodial lobes. Compound chaetae as heterogomph falcigers, distinctly bidentate, both 
teeth similar on anterior parapodia, unequal in midbody and posterior parapodia, with 
proximal tooth distinctly larger than distal one, moderate sized spines on margin, distally 
curved, and 2–3 distal ones longer, reaching level of proximal tooth (Fig. 23D, F, 
H);compound chaetae also spiniger-like chaetae with moderate spines on margin, 
unidentate, except those of anterior parapodia (Fig. 23C, E, G), Anterior parapodia each 
with 1–2 spiniger-like, blades distally slightly bidentate, about 50 µm long, moderate, 
thin spines on margin (Fig. 23C), and  5–7 falcigers, blades 20 µm long above, 13 µm 
long below, with both teeth similar, and thin, distally curved spines on margin (Fig. 23D); 
midbody parapodia with 1 spiniger-like chaeta each, similar to those of anterior segments 
but somewhat longer, about 63 µm long, unidentate and with slightly longer spines on 
margin (Fig. 23E), and 4–5 falcigers, with thicker shafts than those of anterior parapoida 
and blades with unequal teeth, proximal tooth somewhat longer than distal one, and thin,  
distally curved, spines, especially 1–2 distal ones, reaching level of proximal tooth; blades 
Australian Syllis re-descriptions                                                                 Chapter 1.3 
	  
 169 
 
Figure 23. Syllis yallingupensis (Hartmann-Schröder, 1982) n. comb. (AM W.48577). A, anterior end, 
dorsal view. B, midbody dorsal cirri. C, spiniger-like compound chaeta, anterior parapodium. D, falcigers, 
anterior parapodium. E, spiniger-like compound chaeta, midbody parapodium. F, falcigers, midbody 
parapodium. G, spiniger-like compound chaeta, posterior parapodium. H, falcigers, posterior parapodium. 
I, dorsal simple chaeta, midbody parapodium. J, dorsal simple chaeta, posterior parapodium. K, ventral 
simple chaeta. L, aciculae, anterior parapodium. M, aciculae, midbody parapodium. N, acicula, posterior 
parapodium. Scale bars: A: 0.4 mm, B‒K: 20 µm. 
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18 µm long above, 15 µm long below, (Fig. 23F); posterior parapodia with 1 spiniger-
like chaeta each, similar to those of midbody (Fig. 23G) (sometimes absent, or another 
shorter spiniger-like chaeta present) and 3 falcigers, with thick shafts, and blades similar 
to those of midbody but with larger proximal tooth, distinctly longer than distal one, 20 
µm long above, 15 µm long below (Fig. 23 H). Dorsal simple chaetae from midbody, 
smooth, relatively thick, distally bifid (Figs 23I, J). Ventral simple chaetae on posterior 
segments only, smooth, sigmoid, strongly bidentate, proximal tooth somewhat larger than 
distal one (Fig. 23K). Anterior parapodia with 4 aciculae each (Fig. 23L), 2 at each 
midbody parapodium (Fig. 23M), and single acicula in each posteriormost parapodium, 
acuminate (Fig. 23N). Pharynx extending through about 8 segments; pharyngeal tooth on 
anterior margin of pharynx (Fig. 23A). Proventricle through 4–5 segments, with about 25 
muscle cell rows. Pygidium with 2 short anal cirri, and median stylus. 
Remarks. This species is similar to Syllis cruzi Núñez & San Martín, 1991, but the body 
in S. yallingupensis is slenderer, with longer and slenderer dorsal cirri, and spiniger-like 
compound chaetae are absent in  S. cruzi (see Álvarez-Campos et al., 2015b). 
Habitat. Algae, concretions and sediments. 
Distribution. Australia (Western Australia). 
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Resumen 
Syllis gracilis es una especie emblemática de la subfamilia Syllinae (Syllidae, 
Annelida), que habita en algas, coral muerto y esponjas de aguas templadas y poco 
profundas en todo el mundo. La presencia de sus distintivas sedas en forma de Y en 
poblaciones de todo el mundo, ha hecho que se considere que la especie es cosmopolita, 
a pesar de que existen otras 4 especies que presentan sedas similares: Syllis magellanica, 
S. picta, S. mayeri y S. ypsiloides. Sin embargo, el reciente descubrimiento de linajes 
divergentes en poblaciones morfologimente idénticas del mar Mediterráneo, cuestiona 
este supuesto cosmopolitanismo de S. gracilis, sugiriendo que puede tratarse de un 
complejo de especies. Con el objetivo de evaluar los patrones de especiación de este 
posible complejo de especies, hemos realizado distintos análisis filogenéticos en 61 
ejemplares morfológicamente considerados S. gracilis, utilizando 4 marcadores 
moleculares distintos (2 nucleares y 2 mitocondriales). Nuestros resultados sugieren un 
alto grado de diferenciación genética en las poblaciones analizadas, encontradose además 
en algunas de ellas diferencias morfológicas muy marcadas. Se encontraron entre 5 y 8 
linages distintos, todos con una distribución geográfica bastante restringida. Nuestros 
resultados además sugieren que el la presencia de sedas en forma de Y, tradicionalmente 
utilizado para identificar la especie, es un carácter homoplásico resultado de una 
evolución paralela dentro del grupo. En cambio proponemos deberían utilizarse otros 
caracteres como el grado de fusión entre el mango y artejo de las sedas en Y, la morfología 
de las sedas posteriores o el pratón de coloración, para diferenciar los distintos linajes 
dentro del complejo de S. gracilis. Por tanto, nuestro trabajo rechaza la hipótesis de 
cosmopolitanismo de S. gracilis, aportando evidencias morfológicas y moleculares de la 
existencia de un complejo de especies seudocrípticas.
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Abstract 
Syllis gracilis is an emblematic member of the subfamily Syllinae (Syllidae, 
Annelida), which inhabit shallow, temperate coastal waters and can be found in algae, 
coral rubble, and sponges. Their distinctive ypsiloid chaetae, usually found in specimens 
from populations all around the world, led to the consideration of the species as 
cosmopolitan, even though four other species have similar chaetae: Syllis magellanica, S. 
picta, S. mayeri and S. ypsiloides. The discovery of deeply divergent lineages in the 
Mediterranean Sea, that were morphologically identical, questioned the cosmopolitanism 
of S. gracilis and suggested it could a species complex. In order to assess the speciation 
patterns within the putative S. gracilis complex, we undertook species delimitation and 
phylogenetic analyses on 61 specimens morphologically ascribed to Syllis gracilis and 
closely related species, using a multilocus molecular dataset (two mitochondrial and two 
nuclear markers). Our molecular results suggest high levels of genetic differentiation 
between the S. gracilis populations analysed, some of which have morphologically 
distinctive features. Five to eight distinct lineages (depending on the analysis) were 
identified, all with geographically restricted distributions. Although the presence of 
ypsiloid chaetae has been traditionally considered the main character to identify S. 
gracilis, we conclude that this is a homoplastic feature resulting from parallel evolution. 
Instead, we propose that characters such as the degree of fusion of blades and shafts in 
chaetae, the morphology of posterior chaetae or the color pattern should be considered to 
differentiate lineages within the S. gracilis species complex. Therefore, our study does 
not support the cosmopolitanism of S. gracilis, and instead provides morphological and 
molecular evidences of the existence of a complex of pseudo-cryptic species. 
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Introduction 
Syllis gracilis Grube, 1840 is considered to be widely distributed from tropical to 
temperate waters (Imajima, 2003) and from the intertidal to 300 m depth, being very 
abundant on algae, sponges and corals (San Martín, 2003). It is supposed to be one of the 
easiest syllid species to identify, due to the special type of chaetae in the midbody 
parapodia, with a Y-shaped morphology (ypsiloid chaetae). However, S. gracilis is not 
the only species that shows this feature. In addition to S. gracilis, there are thirteen syllid 
species with ypsiloid chaetae, described from different places during the nineteenth and 
twentieth centuries (Licher, 1999): S. brachycirris Grube, 1857 from the Caribbean, S. 
buchholziana Grube, 1877 from the west coast of Africa, S. longigularis Hartman, 1942 
from North Carolina, S. longissima Brunelli & Schoener, 1904 from the Red Sea, S. 
magellanica Augener, 1918 from Chile, S. mayeri Musco & Giangrande, 2005 from 
Belize, S. mixosetosa Bobretzky, 1870, S. picta (Kinberg, 1866) from Australia, S. 
navicellidens Czerniavsky, 1881, S. nigro-vittata Czerniavsky, 1881 and S. quadridentata 
Czerniavsky, 1881 from the Black Sea, S. vancaurica Grube, 1867 from Nicobar Islands, 
and S. ypsiloides Aguado, San Martín & Ten Hove, 2008 from Indonesia. All except for 
S. magellanica, S. picta, S. mayeri, and S. ypsiloides are nowadays considered synonyms 
of Syllis gracilis Grube, 1840 (see Licher, 1999), regardless of the large geographic 
distances between them. Therefore, S. gracilis is currently considered a marine 
cosmopolitan species (Spellerberg & Sawyer, 1999; Imajima, 2003). However, within 
annelids there is usually a high degree of molecular divergence between the populations 
of species with a putative worldwide distribution (e.g., Barroso et al., 2010; Carr et al., 
2011; Nygren & Pleijel, 2011; Glasby et al., 2013; Borda et al., 2013; Stiller et al., 2013; 
Nygren, 2014), as cosmopolitanism has been rarely proven (e.g., Staton & Rice, 1999; 
Westheide et al., 2003; Meyer et al., 2008; Kawauchi & Giribet, 2010, 2014; Schüller & 
Hutchings, 2012).  
The cosmopolitanism of S. gracilis was first questioned when Maltagliati et al. 
(2000) used allozymes in different populations of S. gracilis from the Mediterranean Sea, 
concluding that, although morphologically identical, populations from marine waters 
were genetically divergent from those from brackish waters. Therefore, given their 
ecological and molecular divergence, the two studied populations of S. gracilis by 
Maltagliati et al. (2000) could be considered cryptic species (sensu Bickford et al., 2007). 
However, the apparent lack of morphological features may imply a poor interpretation of 
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their characters or that the characters are not distinguishable due to the state of preserved 
samples (Álvarez-Campos et al., in press). In these cases, and following Knowlton’s 
(1993, 2000) definition, the species can be considered pseudo-cryptic, which are those 
species morphologically recognizable only after other methods have unveiled their 
existence. The need of suitable morphological characters to differentiate between sibling 
species has been previously reported in marine polychaetes, where pseudo-cryptic 
speciation is relatively common (e.g., Knowlton, 1993, 2000; Sáez et al., 2003; 
Luttikhuizen & Dekker, 2010; Mertens et al., 2012; Cornis & Held, 2014; Kawauchi & 
Giribet, 2014). Interestingly, in Syllidae, it has been recently shown that the 
morphological similarity in the putatively widely distributed species Trypanosyllis 
krohnii was hiding at least 5 pseudo-cryptic species that were unveiled with molecular 
methods (Álvarez-Campos et al., in press). Several authors have already proposed the use 
of a combined approach using molecular, morphological, ecological, physiological and/or 
reproductive data to infer species boundaries in polychaetes (e.g., Rice et al., 2008; Lewis 
& Karageorgopoulos, 2008; Halt et al., 2009; Nygren et al., 2010; Nygren, 2014; Álvarez-
Campos et al., in press), because otherwise, the true biodiversity of the group might be 
underestimated (Appeltans et al., 2012).  
In 1914, Fauvel synonymized several species with Syllis gracilis, and considered 
it cosmopolitan. In addition, the use of the ypsiloid chaetae as the main morphological 
character to identify Syllis gracilis, provided the grounds to consider it a widely 
distributed species across all oceans. However, we suspect that it may be another case of 
cryptic or pseudo-cryptic species within syllids, given the large geographical distances 
between the different populations of S. gracilis and the fact that there are other species 
with the same type of chaetae. The aim of this study was thus to test the real status of S. 
gracilis using a molecular approach with species delimitation procedures, for which we 
have analyzed a multilocus dataset (two mitochondrial and two nuclear markers) from 44 
specimens of Syllis gracilis collected in 12 locations around the world, and 17 specimens 
of the closely related species S. picta, S. magellanica, S. ypsiloides, S. hyalina and S. 
armillaris.  
 
Materials and Methods 
Sampling and morphological examination  
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Specimens for this study were collected in biological surveys between 2010 and 2013 
from intertidal and subtidal zones, by hand, snorkeling or using SCUBA diving, on algae, 
sponges and coral rubble (see Supplemetary material S1). All the specimens were sorted 
in the field using a Nikon SMZ-1 light microscope and later fixed and preserved in 96% 
ethanol, both for morphological and molecular analyses. Further examination and 
identification was completed under a Nikon Optiphot light microscope with a differential 
interference contrast system (Nomarsky) at the Universidad Autónoma de Madrid 
(UAM). For scanning electron microscopy, selected specimens were prepared on an 
Emitech K850 Critical Point Dryer, gold-coated with a Q150T-S Turbo-Pumper Sputter 
Coater and examined with a Hitachi S-3000N SEM at the Servicio Interdepartamental de 
Investigación (SIDI) of the UAM. In total, our study included 61 specimens of putative 
Syllis gracilis and its closely related species S. picta, S. magellanica, S. ypsiloides, S. 
hyalina and S. armillaris. From these, only 5 sequences were downloaded from GenBank. 
Outgroup taxa consisted of 16 individuals belonging to genera Syllis, Branchiosyllis, and 
Haplosyllis (Supp. Mat. S1). 
 All the newly-collected specimens were deposited in the Museo Nacional de 
Ciencias Naturales, Madrid (MNCN), the Museum of Comparative Zoology, Harvard 
University, Cambridge, Massachusetts (MCZ) and the Australian Museum, Sydney 
(AM). Catalogue numbers, locality information, coordinates, substrates, and collecting 
dates are provided in Supp. Mat. S1. 
 
Molecular analyses 
Molecular markers used for the analyses consisted of fragments of two nuclear 
ribosomal genes: 18S rRNA (ca. 1,800 bp) and 28S rRNA (ca. 530 bp); and two 
mitochondrial markers: 16S rRNA (ca. 470 bp) and cytochrome c oxidase subunit I (COI, 
ca. 650 bp). Genomic DNA was extracted from two or three segments of each individual, 
using the DNeasy Blood & Tissue Kit (Qiagen), following manufacturer’s instructions. 
Primers 28Sa and 28Srd5b (Edgecombe and Giribet, 2006) were used to amplify the 28S 
rRNA fragment. The 18S rRNA was amplified in three overlapping fragments using 
primer pairs: 18S1F-18S4R, 18S3F-18Sbi and 18Sa2.0-18S9R (Giribet et al., 1996; 
Whiting et al., 1997). Primers 16SarL and 16SbrH (Palumbi, 1996) were employed to 
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amplify 16S rRNA and the modified primers with inosine, jgLCO1490 and jgHCO2198 
(Geller et al., 2013) were used for COI.  
Polymerase chain reactions PCR reactions were consisted of 1 µL of DNA 
template in 25 µL reaction volumes containing 18 µL H2O; 5 µL 5X USB buffer, 0.25 
µL of each of 10 µM primers, 0.5 µL of 10mM dNTP’s, and 0.13 µL of 1.25 U/µL GOTaq 
DNA Polymerase (Promega). The temperature profile for the 18S and 28S rRNA nuclear 
markers was as follows: 95 °C/120 s; (95 °C/30 s; 47 ºC/30 s; 72 ºC/180 s) x 35 cycles; 
72 ºC/300 s; for 16S rRNA: 95 °C/5 min; (95 °C/30 s; 45 ºC/30 s; 72 ºC/60 s) x 35 cycles; 
72 °C/10 min; and for COI: 95 °C/15 min; (94 °C/30 s; 45 ºC/70 s; 72 ºC/90 s) x 40 
cycles; 72 °C/10 min. For cycle sequencing, 10 µL reactions were prepared using 1.5 µL 
of cleaned template DNA for each primer direction using the following protocol: 4.3 µL 
ultrapure H20, 0.5 µL 5X BigDye buffer, 3.2 µL 10 µM primer, 1.0 µL of BigDye 
Terminator v3.1 (Life Technologies, ABI). The sequencing reaction temperature profile 
was as follows: 94 °C/180 s; (94 °C/10 s; 50 °C/5 s; 60 °C/4 min) x 25 cycles.  Sequencing 
products for each primer were precipitated using 3 g Sephadex beads in 45 mL of 
ultrapure distilled water. Then, samples were evaporated and resuspended in 20 µL of 
formamide. The sequencing reaction products were then analysed using an ABI Prism 
3730xl Genetic Analyzer (Applied Biosystems). 
Sequence data were edited in Geneious 6.1.6 (Kearse et al., 2012), where primers 
were removed and overlapping fragments of 18S rRNA were merged into a consensus 
sequence. Multiple sequence alignments were run in MAFFT version 7 under default 
parameters (Katoh and Standley, 2013). To remove highly variable positions in the 
nuclear ribosomal markers, Gblocks version 0.91b (Castresana, 2002) was used with a 
maximum of 8 contiguous nonconserved positions and 5 as the minimum length of 
blocks. 
 
Phylogenetic analyses 
In order to evaluate the phylogenetic relationships between S. gracilis and its 
closely related species, we analysed the 4 molecular markers in 61 specimens of S. 
gracilis (44), S. picta (5), S. magellanica (7), S. ypsiloides (1), S. hyalina (3) and S. 
armillaris (1). Sequences of 15 individuals of Haplosyllis spongicola (Grube, 1855), 
Branchiosyllis exilis (Gravier, 1900), B. cirropunctata (Michel, 1909), B. thylacine San 
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Martín, Hutchings & Aguado, 2008, Syllis lutea (Hartmann-Schröder, 1960), S. 
yallingupensis (Hartmann-Schröder, 1982), S. broomensis (Hartmann-Schröder, 1979), 
S. amica Quatrefages, 1866, S. pulvinata (Langerhans, 1881), S. columbretensis 
(Campoy, 1982), S. variegata Grube, 1860 and S. bella Chamberlin, 1919, were used as 
outgroups (Table 1). All mitochondrial and nuclear datasets were concatenated in 
Seaview 4.5.4 (Gouy et al., 2010). Akaike information criterion (AIC) in jModeltest 2 
(Darriba et al., 2012) was run in order to select the best model for the dataset of both 
mitochondrial and nuclear markers. In both phylogenetic analyses we used partitions for 
each marker; non-codon specific models for ribosomal markers, and codon specific 
models for COI.   
The maximum likelihood (ML) analysis of the datasets was run in RAxML v. 
7.4.2 (Stamatakis, 2006). Bootstrap support values were estimated using 1000 replicates 
and 10 starting trees (Stamatakis et al., 2008). Bayesian Inference (BI) was implemented 
in MrBayes 3.2.1 (Ronquist et al., 2012), and run with four Markov chains that started 
from a random tree and run simultaneously for twenty million generations, with trees 
sampled every 2000 generations (samplefreq = 2000); the initial 25 percent of trees were 
discarded as burn-in (burninfrac=0.25), after assessing for convergence with Tracer v1.6 
(Rambaut et al., 2014) and AWTY (Wilgenbusch et al., 2004). 
 
Species delimitation analyses 
 Species delimitation is the process by which species boundaries are determined 
and new species are described. The current analytical methods that use molecular data for 
delimitation are based on the phylogenetic species concept: ‘a species is the smallest 
diagnosable cluster of individual organisms within which there is a parental pattern of 
ancestry and descent’ (Cracraft, 1983). Therefore, species should be monophyletic in 
terms of its component genes, organisms, and/or subpopulations (de Queiroz, 2007). Two 
different methods of species delimitation analysis, that are operational criteria of a gene 
coalescent view of the phylogenetic species concept (Baum and Shaw, 1995), were 
employed to test the validity of Syllis gracilis and its putative cosmopolitanism. We used 
the general mixed Yule-coalescence (GMYC) approach with both the single threshold (S) 
and the multiple-threshold (M) variants of the method (Pons et al., 2006) and also the 
Poisson tree processes (PTP) model (Zhang et al., 2013). Both were implemented using 
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the COI and 16S rRNA dataset of all the specimens. Applying the GMYC method, first 
we generated ultrametric trees in BEAST 2.0 defining a relaxed lognormal clock, with a 
single partition, under a GTR+G+I model, rate parameter set to 1, and selecting a constant 
population size coalescent tree prior. Then, the GMYC method was run with the packages 
ape version 2.2–2 (Paradis et al., 2004) and splits (Pons et al., 2006; Monaghan et al., 
2009) using R version 2.8.0 (R Development Core Team, 2008). Accounting for 
uncertainty in species delimitation and model-averaged estimates of diversity within 
individual samples were conducted following Fernández and Giribet (2014). For species 
delimitation with PTP, we used the rooted BI phylogenetic tree for each dataset (COI, 
16S rRNA), implemented in the PTP web server (Zhang et al., 2013) using 20,000,000 
generations for the Markov chains with a thinning of 100 and a burn-in of 0.1. 
Convergence was checked using the log likelihood for the MCMC iterations after 
thinning in the same web server used for PTP.  
Genetic distances were calculated independently for COI and 16S rRNA 
sequences between and within estimated species (clades) from GMYC and PTP in MEGA 
7.0.16 (Tamura et al., 2011), using a Kimura’s 2-parameter (K2P) model (Kimura, 1980) 
with pairwise deletion of gaps, and 500 bootstrap. 
 
 
Results 
Phylogenetic reconstruction 
Final alignments of the 28S rRNA and 18S rRNA genes after Gblocks contained partial 
sequences of 453 bp and 980 bp respectively, from 76 specimens. The mitochondrial 
genes 16S rRNA and cytochrome c oxidase subunit I were represented by 442 bp and 593 
bp respectively, also in 76 specimens. The best model for the dataset of both 
mitochondrial and nuclear markers selected using the Akaike information criterion (AIC) 
in jModeltest 2 (Darriba et al., 2012), was the General Time Reversible (GTR) model of 
sequence evolution with gamma-distributed rates across sites and a proportion of 
invariant sites (GTR+G+I). Both ML and BI analyses of the four concatenated genes 
agreed on the polyphyly of Syllis gracilis, since S. armillaris, S. hyalina, S. picta, S. 
ypsiloides and S. magellanica were nested within the putative Syllis gracilis (Fig 1). Since 
both topologies recovered in ML and BI analyses are nearly identical, we only present 
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the ML results, with both bootstrap (BS) and posterior probabilities (PP) values mapped 
on each node (Fig. 1). Our analyses recovered two main well-supported clades labeled A 
and B in Fig. 1: clade A comprises a population of S. gracilis from the Philippines, more 
closely related to S. picta  (from the Philippines and Australia), S. armillaris and S. 
hyalina (BS = 85%, PP = 0.99) than to the other studied populations; clade B contained 
the species S. magellanica (from Chile and Peru), S. ypsiloides (which appeared in the 
same clade of population of S. gracilis from the Philippines, Easter Island, Hawaii and 
Venezuela) and seven well-supported populations of S. gracilis: one from Australia, 
another one from the Philippines, two populations from Peru, one from Sicily (Italy), one 
from the Spanish North-Eastern coast and Mallorca Island, and finally another Iberian 
population spanning the Spanish North-East and North-West coasts (Fig. 1). Even though 
all these clades recovered by ML and BI analyses appeared well-supported (BS = 85–
89%, PP = 0.99–1.00), and individuals within each clade shared morphological features 
(see section 3.3), the relationships among the clades were not always clear. The 
relationships between the populations of S. gracilis from Peru, Sicily, the Spanish NW 
coast and Mallorca, and the Spanish NW and NE coasts, all in clade B (Fig. 1), were not 
robustly supported in any of the analyses (Fig. 1). All the studied populations, which are 
not formally described here (see section 3.3 and discussion), are considered hereafter as 
lineages 1–8 (Fig. 1, 2). In addition, within clade B, the clade containing individuals from 
Philippines, Easter Island and Venezuela was named S. ypsiloides (Figs. 1, 2) because it 
contains the only individual of the species that has been sequenced previously (Aguado 
et al., 2012). Although such individual is from Hawaii and not from the type locality 
(Indonesia) (Aguado et al., 2008), we follow the published ID. 
 
Species delimitation in the Syllis gracilis species complex 
In order to establish the validity of S. gracilis and the rest of species with ypsiloid 
chaetae, we used all mitochondrial data for S. gracilis populations, S. picta, S. ypsiloides, 
and S. magellanica in our PTP and GMYC analyses. The mitochondrial COI dataset, 
containing 34 specimens, identified 6 lineages within the putative S. gracilis (Fig. 3A), 
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Figure 1. Maximum clade credibility tree from concatenated, partitioned Maximum likelihood analysis, 
applying GTR+G+I model, of all genetic data (28S rRNA, 18S rRNA, 16S rRNA, and COI) showing the 
phylogenetic relationships between Syllis gracilis populations, S. picta, S. ypsiloides and S. magellanica. 
Numbers over branches indicate bootstrap support values (only BS >80% are indicated). Numbers below 
branches indicate posterior probabilities support values (only PP >0.90 are indicated). The two main clades 
(A, B) recovered by the analyses are marked with dotted line boxes. The 44 specimens of S. gracilis sensu 
lato are abbreviated as Sg1– Sg44. The 7 specimens of S. magellanica are abbreviated as Sm1– Sm7.  The 
specimen of S. ypsiloides is abbreviated as Sy1. 
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Figure 2. Summarized phylogenetic tree with a world map showing the locations of the species and lineages 
with ypsiloid chaetae, recovered by ML and BI analyses. 
 
 
 
that mainly corresponded to those lineages obtained in the phylogenetic analyses: two 
lineages from the Philippines (lineages 1 and 3), two from Peru (lineages 4 and 5), one 
from Sicily (lineage 6), and one from the NW coast of Spain (lineage 8), all with a 
posterior probability >0.95. In both the GMYC and PTP analyses, additional specimens 
from the same localities were not identified as belonging to the same clades: the 
individual Sg1 was not included within the lineage 1, Sg27 was not included in lineage 4, 
and Sg40 within lineage 8 (Fig. 3A).  In addition, none of the analyses identified the clade 
corresponding to lineage 2 (from Australia), because only one individual had a COI 
sequence. Lineage 7 was not identified as a clade, since we were not able to amplify the 
COI for the specimens Sg37–Sg39. Both GMYC and PTP identified a supported clade for 
S. ypsiloides, but did not identified S. picta as a well-supported species; the PTP analyses 
of the COI dataset did not identified neither a supported clade for S. magellanica 
specimens (Fig. 3A). 
The GMYC and PTP analyses of 16S rRNA included 45 specimens of all the 
species and populations with yspsiloid chaetae, identifying 7 to 8 well-supported clades 
(Fig. 3B), all with a posterior probability >0.95 (Fig. 3B). However, we detected 
discrepancies between the PTP and GMYC results and also among the variants within the 
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GMYC analyses for 16S rRNA. The S variant of the GMYC identified the clades 
containing S. picta and S. ypsilodes and 5 well-supported lineages within the putative S. 
gracilis (Fig. 3B): Philippines lineages 1 and 3, the Australian lineage 2, one large lineage 
including S. magellanica together with Peruvian lineages 4 and 5, and another large 
lineage including all the specimens from Spain (lineage 7 and 8) and Sicily (lineage 6). 
The M variant of the GMYC differed in that it detected a single large clade that included 
S. ypsiloides together with lineages 2 and 3 (Fig. 3B). In addition, the M variant did 
identify separate clades for lineage 5 and the clade formed by S. magellanica and the 
individual Sg 27 (grouped in lineage 4 in the COI analyses, Fig. 3A). The analysis also 
recovered a clade with the specimens Sg38 and Sg39 (Lineage 7) and another clade 
grouping specimens Sg41 and Sg44 from the Spanish NW coast in lineage 8 (Fig. 3B). 
The PTP analysis of the 16S rRNA recognized the S. ypsiloides clade, but excluded 
specimens Sg16, Sg18–Sg20, and the S. magellanica clade, except for the individual Sm1 
(Fig. 3B). In addition, PTP also identified the 6 well-supported lineages within S. gracilis 
(lineage 1, excluding specimens Sg1, Sg4 and Sg5, lineage 2, and lineages 5 to 8). This 
PTP analysis did not obtain support for S. picta or for lineages 3 and 4 (Fig. 3B).  
The K2P genetic distances for the COI dataset of all the lineages identified by the 
species delimitation analyses ranged from 17.5% ± 2.1 to 36.6% ± 3.7 (lower left side of 
Table 1). The highest genetic distance for COI (Table 1) was found among S. ypsiloides 
and lineage 1 (36.6% ± 3.7), which share geographic distribution (Philippines; Fig. 2). 
The lowest genetic distances (Table 1) were found between Syllis ypsiloides and lineages 
2 and 3, which are also in close proximity (Philippines; Fig. 2). The K2P genetic distances 
of the 16S rRNA ranged from 5.0% ± 1.1 to 52.4% ± 6.8 (upper right side of Table 1). In 
this case, the highest distances appeared among lineages 1 and 3 (52.4 ± 6.8), both 
inhabiting the Philippines (Table 1 and Fig.2). As with the COI dataset, highest distances 
were also found between lineage 1 and S. ypsiloides (40.1 ± 5.0) and lineages 1 and 2 
(42.8 ± 5.4), all from the same area (Table 1 and Fig. 2). The lowest distances (Table 1) 
appeared among lineages 4 and 8 (8.5% ± 1.4), lineages 6 and 8 (7.8 ± 1.4), lineages 6 
and 7 (9.2 ± 1.6) and lineages 7 and 8 (5.0 ± 1.1). In this case, only lineages 7 and 8 
showed an overlapping distribution in the Spanish NW coasts (Fig. 2). The rest of 
lineages, except for lineage 4 (Peru) are distributed in the Mediterranean Sea (Fig. 2).   
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Figure 3. Pseudo-cryptic speciation within Syllis gracilis sensu lato obtained from mitochondrial genes. 
A, Bayesian COI ultrametric gene tree with posterior probabilities (>0.95) on each node (*). Vertical thick 
lines indicate the putative species delineated with GMYC and PTP methods. GMYC results include the 
single-threshold (S) and multiple-threshold (M) variants of the method. B, Bayesian 16S rRNA ultrametric 
gene tree with posterior probabilities (>0.95) on each node (*). Vertical thick lines indicate the putative 
species delineated with GMYC and PTP methods for the mitochondrial gen. GMYC results include the 
single-threshold (S) and multiple-threshold (M) variants of the method. Grey thick lines indicate discordant 
results relative to the specimens included in each lineage by the different methods.  
 
 
Morphological examination 
The two main clades recovered in our phylogenetic results (A and B, Fig. 1) are 
characterized by different types of ypsiloid chaetae (Fig. 1). Clade A showed a sister 
relationship between S. picta and lineage 1, both with partially fused ypsiloid chaetae 
(Figs. 1A and 4A, B), and between S. armillaris and S. hyalina, which present a reduction 
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in the blades of the chaetae, but lack ypsiloid chaetae (see San Martín, 2003). The 
remaining species and lineages are all in clade B, and all present completely fused 
ypsiloid chaetae (Fig. 1B), although some (S. ypsiloides, S. magellanica, lineages 3 and 
4) present a visible fusion line between the blade and the shaft (Figs. 1B and 4D–F, H). 
In contrast, lineages 2, 5–8 do not have a fusion line between the blade and the shaft (Figs. 
1B and 4C, G, I–K).  
The two main clades recovered in our phylogenetic results (A and B, Fig. 1) are 
characterized by different types of ypsiloid chaetae (Fig. 1). Clade A showed a sister 
relationship between S. picta and lineage 1, both with partially fused ypsiloid chaetae 
(Figs. 1A and 4A, B), and between S. armillaris and S. hyalina, which present a reduction 
in the blades of the chaetae, but lack ypsiloid chaetae (see San Martín, 2003). The 
remaining species and lineages are all in clade B, and all present completely fused 
ypsiloid chaetae (Fig. 1B), although some (S. ypsiloides, S. magellanica, lineages 3 and 
4) present a visible fusion line between the blade and the shaft (Figs. 1B and 4D–F, H). 
In contrast, lineages 2, 5–8 do not have a fusion line between the blade and the shaft (Figs. 
1B and 4C, G, I–K).  
Our morphological examination identified morphological features characteristic 
of the clades recovered by the molecular analyses (Figs. 1, 2): S. picta, S. ypsiloides, S. 
magellanica, and the 8 lineages within S. gracilis species complex (Figs. 4–6). Syllis picta 
and lineage 1 share the morphology and number of midbody ypsiloid chaetae (1–2 
partially fused ypsiloid chaetae and 1–2 falcigers chaetae, Fig. 4A, B) but do not present 
the same chaetae in the posterior parapodia (Fig. 5A, B). Syllis picta has one bidentate 
chaeta with a reduced blade and one bidentate falcigerous chaeta in all posterior of 
parapodia (Fig. 5A), whereas lineage 1 only  has bidentate falcigerous chaetae in the 
posterior parapodia (Fig. 5B). In addition, the individuals in lineage 1 lack coloration 
patterns in the preserved specimens (Fig. 6B), in contrast to the anterior, thin, brownish 
lines of S. picta (Fig. 6A).  
Specimens in lineage 3 present two ypsiloid chaetae on each midbody 
parapodium, one of them smaller and with a fusion line more visible than the other 
chaetae (Fig. 4D); this lineage also includes specimens with three different color patterns:  
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no coloration in the anterior segments (Fig. 6D), two black bands on each anterior 
segment (Fig. 6E), and orange-brown uniform coloration in the whole body (Fig. 6F).  
Lineage 4 possesses parapodia with three chaetae, two completely fused ypsiloid 
chaetae with some spines in the upper margin (showing the fusion line) and one small 
falcigerous chaeta with a reduced blade (Fig. 4F). The posterior parapodia contain 4 
bidentate chaetae, three of them falcigerous with reduced blades and one partially fused 
ypsiloid chaeta, all with spines on margins (Fig. 5F). In addition, the individuals of 
lineage 4 do not present any coloration (Fig. 6G).   
The rest of lineages detected by the molecular analyses (lineages 2, 5–8) present 
two well-fused ypsiloid chaetae on each midbody parapodium (Fig. 4C, G, I–K) and a 
color pattern with two black bands on the anterior segments (Fig. 6C, J–M). However, 
some differences were found in the posterior chaetae of all these lineages: lineage 5 and 
7 present only two ypsiloid chaetae (Fig. 5G, J), lineages 2 and 6 show a variable number 
of bidentate falcigerous chaetae exclusively (Fig. 5C, I), and lineage 8 is the only one 
with both types of chaetae (Fig. 5K).  
 
Discussion 
Although the presence of ypsiloid chaetae has been traditionally considered a key 
characters to identify S. gracilis, it is clear that other characters, including the degree of 
fusion of the blades and shafts in chaetae, the morphology of posterior chaetae, or color 
patterns may also play an important role to differentiate species within the S. gracilis 
species complex.  
Our study combining the results from both phylogenetic and species delimitation 
analyses and the examination of the morphological features provides strong evidence for 
the consideration of S. gracilis as a complex of pseudo-cryptic species with at least 5–8 
lineages distributed in different geographic areas (Figs. 1–3). Therefore, we conclude that 
Syllis gracilis is not a cosmopolitan species (Fig. 2). In addition, both ML and BI analyses 
showed the polyphyly of the complex, with the closely related species with ypsiloid 
chaetae, S. armillaris, S. hyalina, S. picta, S. ypsiloides, and S. magellanica, appearing 
nested within it.  
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Figure 4. Scanning electron micrographs of posterior chaetae of S. picta, S. magellanica, S. ypsiloides, S. 
gracilis s.s. and the 7 lineages within S. gracilis species complex. A, Syllis picta  (AM W41634). B, lineage 
1 (MNCN 16.01/17384). C, lineage 2 (AM W41619). D, lineage 3 (MNCN ADN86827). E, Syllis 
ypsiloides (MNCN 16.01/17401). F, lineage 4 (MNCN 16.01/17411). G, lineage 5 (MNCN ADN86854). 
H, Syllis magellanica (MNCN ADN86846). I, lineage 6 (MNCN 16.01/17416). J, Syllis gracilis s.s. 
(MNCN 16.01/17420). K, lineage 7 (MNCN 16.01/17424). 
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Figure 5. Scanning electron micrographs of posterior chaetae of S. picta, S. magellanica, S. ypsiloides, S. 
gracilis s.s. and the 7 lineages within S. gracilis species complex. A, Syllis picta  (AM W41634). B, lineage 
1 (MNCN 16.01/17384). C, lineage 2 (AM W41619). D, lineage 3 (MNCN ADN86827). E, Syllis 
ypsiloides (MNCN 16.01/17401). F, lineage 4 (MNCN 16.01/17411). G, lineage 5 (MNCN ADN86854). 
H, Syllis magellanica (MNCN ADN86846). I, lineage 6 (MNCN 16.01/17427). J, Syllis gracilis s.s. 
(MNCN 16.01/17420). K, lineage 7 (MNCN 16.01/17424). 
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Figure 6. Light microscopy pictures of the anterior of S. picta, S. magellanica, S. ypsiloides, S. gracilis s.s. 
and the 7 lineages within S. gracilis species complex. A, Syllis picta  (MNCN 16.01/17378). B, lineage 1 
(MNCN 16.01/17383). C, lineage 2 (AM W41619). D–F, three color morphotypes of lineage 3 (MNCN 
16.01/17390, 17387, 17385). G, Syllis ypsiloides (MNCN 16.01/17399). H, Syllis magellanica (MNCN 
16.01/17403). I, lineage 4 (MNCN 16.01/17410). J, lineage 5 (MNCN 16.01/17414). K, lineage 6 (MNCN 
16.01/17416). L, Syllis gracilis s.s. (MNCN 16.01/17418). M, lineage 7 (MNCN 16.01/17422). 
Syllis gracilis species complex                                                         Chapter 1.4!
!
! 199!
Our study suggests that the presence or absence of ypsiloid chaetae as the sole 
morphological character to identify S. gracilis is not suitable since it is a homoplastic 
feature, resulted from a parallel evolutionary process, present in several non-closely 
related lineages (Fig. 1). Instead, other characters such as the degree of fusion of blades 
and shafts in chaetae, the morphology of posterior chaetae or the color pattern may play 
an important role in differentiating species within the S. gracilis species complex. The 
presence of ypsiloid chaetae was previously proposed to be an adaptation to a symbiotic 
lifestyle, since this type of chaeta may be useful for the attachment to the host (Martin 
and Britayev, 1998; Aguado et al., 2008). However, only 21 of our 57 specimens with 
ypsiloid chaetae were collected associated to other organisms (17 on sponges, 2 on corals 
and 3 on other polychaetes, Table 1), and thus, eco-morphological relationships between 
shape and function seem to be difficult to establish without additional research (Musco 
and Giangrande, 2005). Instead of using the presence of ypsiloid chaetae as a character 
state, we propose the degree of fusion of the ypsiloid chaetae as the diagnostic feature to 
differentiate species and lineages within this group of syllids, as recently suggested by 
Álvarez-Campos et al. (2015). The degree of fusion of the ypsiloid chaetae was 
hypothesized by San Martín (2003) to be dependent on the individual’s age; thus, the 
same species could possess fused chaetae, partially fused chaetae or falcigerous chaetae, 
depending on their size/age. However, our results show a very different scenario. In our 
phylogenetic analyses (Fig. 2), species with partially fused chaetae (S. picta and lineage 
1) and species with a reduction of the blades in the chaetae (S. armillaris and S. hyalina) 
are more closely related to each other than to those with a fusion of blades and shafts in 
midbody chaetae (S. ypsiloides, S. magellanica, lineages 2–8). Our results indicate that 
the fusion of the blade and the shaft to produce ypsiloid chaetae hypothesized by Martin 
et al. (2002) has taken place at least twice during the evolution of this group of Syllis (Fig. 
2). Once again, it seems that both the detailed morphological examination and the 
molecular techniques should be used in order to recognize the pseudo-cryptic speciation 
of a given group, as it has been done in other annelids (e.g., Bleidorn et al., 2006; Pleijel 
et al., 2009; Wiklund et al., 2009; Nygren et al., 2009, Kawachi and Giribet, 2010, 2014; 
Nygren and Pleijel, 2011) as well as in other syllids (Álvarez-Campos et al., in press). 
Our study thus constitutes another example of the importance of considering more than 
one line of evidence when inferring species boundaries, since the simplistic interpretation 
of morphological characters from a putative single species may lead to underestimating 
real diversity. As it was argued by de Queiroz (2007, 2011), species can be considered as 
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‘separately evolving metapopulation lineages’, which encourages biologists to shift their 
attention away only from the morphological species concept, that is not useful to detect 
lineage divergences in several cases. Thus, the incorporation of molecular data, as well 
as ecological, physiological or reproductive data (when possible) should be essential for 
taxonomic research in annelids, in order to properly delimit species (e.g. Bickford et al. 
2007; Nygren, 2014).   
In addition to conducting phylogenetic analyses and species delimitation, it is 
advised to formally name and describe cryptic and pseudo-cryptic species, so they are 
further taken into consideration in subsequent biological investigations or biodiversity 
management projects (Nygren, 2014), especially for polychaetes, where cryptic 
speciation is pervasive (Westheide and Schmidt, 2003). Recently, the use of DNA-based 
diagnoses has been proposed as a fast mechanism to describe species, instead of using the 
more traditional morphological descriptions (e.g., Renner, 2016). As a general rule, we 
only consider different species (and thus, entities that should be formally named and 
described) those that constitute robustly-supported clades, show morphological (or 
ecological) distinctive features, and contain a relatively large number of specimens 
sequenced (e.g., Nygren and Pleijel, 2011; Kawachi and Giribet, 2013; Álvarez-Campos 
et al., in press). In contrast to the results obtained in another species complex of syllids, 
where the lineages recovered by the molecular analyses also showed distinctive 
morphological and ecological features (Álvarez-Campos et al., in press), here we lack 
clear ecological and/or morphological differential features for some of the lineages (see 
Supp. Mat S1). For instance, in lineage 3, we observed three different morphotypes for 
the color pattern. As it was previously suggested in several marine organisms (e.g., 
Sundberg et al., 2009), color polymorphism may indicate the existence of cryptic species. 
In particular, Pleijel et al. (2009) found 5 distinct sympatric color morphs distributed in 
three species of the hesionid polychaete Gyptisa. However, Nygren and Pleijel (2011) 
obtained 11 species within the putative widely distributed polychaete Eumida sanguinea, 
and only 6 of them presented specimens with six different pigmentation patterns. Thus, 
we cannot use the coloration as a character state to differentiate between species, at least 
without the support of other clear ecological and/or morphological evidences. In addition, 
our molecular analyses showed discrepancies between the different species delimitation 
analyses for some clades, which in some cases might due to incomplete sampling in the 
distribution areas (Figs. 1–3). For instance, in lineage 8, the individual Sg40 was collected 
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in Galicia (Atlantic Ocean, Spanish NW coast) whereas the rest of specimens of the 
lineage were collected in the Mediterranean (Figs. 1–3), without intermediate sampling 
points. Also, the limited number of individuals sequenced in lineages 5 and 6 and the lack 
of COI data for lineage 7 specimens and Sg7 (lineage 2) may be the reasons for the 
discrepancies found in these clades in the different analyses. Therefore, given the number 
of specimens in some of the lineages recovered by the molecular analyses and the 
incongruences found in the species delimitation results, we adopted a conservative 
approach and decided not to take any taxonomic action regarding all these lineages until 
new material from additional distribution areas and from the type locality (Gulf of 
Naples) becomes available for molecular study.  
In addition to the results obtained in the species delimitation analyses, it is 
important to estimate the divergence of the mitochondrial markers COI and 16S rRNA to 
properly infer the species boundaries, since a barcoding gap is usually observed in 
different lineages (e.g., Hebert et al., 2003; Stoeckle, 2003; DeSalle et al., 2005; Meyer 
& Paulay, 2005). For that purpose, pairwaise distances (%) are traditionally used, being 
the Kimura-2-parameter values (K2P) the most widely reported (see below). Although 
this method has been criticized by some (e.g., Ferguson, 2002; DeSalle et al., 2005; 
Srivathsan & Meier, 2012), it is commonly used in annelid studies, together with other 
species delimitation approaches (e.g., Gutafsson et al., 2009; Wiklund et al., 2009; Kvist 
et al., 2010; Nygren et al., 2010; Zhou et al., 2010; Achura & Erséus, 2013). In several 
polychaetes, large K2P divergences in mitochondrial markers have been revealed among 
different genetic lineages or species (Schulze et al., 2000; Jolly et al., 2006; Schulze, 
2006; Pires et al., 2010; Nygren & Pleijel, 2011), always higher than the 2–3% 
interspecific variation in COI proposed by Hebert et al. (2003, 2004). The interspecific 
genetic distances in COI between our pseudo-cryptic lineages varied from 17.5% to 
36.6% and were always larger than the intraspecific divergences (lower left side of Table 
1). Even though the intraspecific variation in the COI gene seems to vary depending on 
the taxon (e.g., Lefébure et al., 2006; Erséus & Gustafsson, 2009), our results fall in the 
range of those of other polychaete studies, with K2P distances from 6.5 to 18.5% for COI 
in Phyllodocidae (Nygren & Pleijel, 2011), 19.4% to 29.1 % in Hesionidae (Pleijel et al., 
2009), 14.8% to 20.9% in Polynoidae (Neal et al., 2014) and also in other syllids, with a 
COI divergence that varied between 10.5% and 27.4% (Álvarez-Campos et al., in press). 
In addition, we have obtained similar results for the genetic distances of the 16S rRNA 
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gene, that varied from 5.0% to 52.4% (upper right side of Table 1), which are similar or 
considerably higher than those found in other polychaete groups among species, with 
K2P distances from 5.9% to 16.5% in Eunicidae (Schulze, 2006), 12% to 15% in 
Onuphidae (Pires et al., 2010), and 7.2% to 34.3% in other Syllidae (Álvarez-Campos et 
al., in press). The lowest genetic distance of 16S rRNA (5.0%; Table 1) was found for two 
of the lineages occurring in sympatry (lineages 7 and 8), that were also considered the 
same species in some of the delimitation analyses of this gene (Fig. 4B), perhaps 
indicating that they could have recently diverged. Likewise, low genetic distances for the 
16S rRNA were found between the lineages 6, 7 and 8, all of them living in close 
proximity (Mediterranean Sea). However, the rate of molecular evolution in 16S rRNA is 
much lower than that for the COI (Knowlton & Weigt, 1998) and therefore, the rates of 
divergence in this gene should be smaller, as it has been previously found in other 
polychaetes (Spionidae= 2.2% to 5.3%, Bastrop et al., 1998; and Siboglinidae = 2.2% to 
9.6% Miglietta et al., 2010). Nevertheless, the lineages showing the lowest interspecific 
divergence rates in 16S rRNA were not the same than those with the lowest distances in 
COI. In the COI marker, the lowest interspecific divergences were found between S. 
ypsiloides and lineages 2 and 3 (17.5%, Table 1), being S. ypsiloides and lineage 3 
distributed in the same areas. However, similar values were reported between different 
species of syllids (13.9%, Álvarez-Campos et al., in press). Interestingly, high 
intraspecific divergence rates in both mitochondrial markers were found both in S. picta 
(16.4% and 12.6%, Table 1) and lineage 1 (11.1% and 23%, Table 1). Even though we 
found synapomorphies for each of both lineages, the high intraspecific distances observed 
may also indicate cryptic speciation within these lineages, which would require a larger 
number of samples per population to be resolved.  
 
Conclusions 
The results obtained in the present study show that some of the populations of the 
putative cosmopolitan species Syllis gracilis are genetically different lineages that can be 
also distinguished morphologically, and thus forming a complex of pseudo-cryptic 
species. This study constitutes another example of the underestimation of the real 
biodiversity within Syllidae due to the misinterpretation of morphological characters. In 
Syllidae, some of the morphological features traditionally used to identify the species are 
homoplastic or ill-interpreted, and here, we illustrate the value of combining detailed 
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morphology with molecular data to disentangle the chaotic taxonomical situation in the 
group. Although this study in the S. gracilis complex is only the second report of pseudo-
cryptic speciation within the family, it has been already suggested that this situation might 
be pervasive for this diverse family of polychaetes (Álvarez-Campos et al., in press). 
 
Acknowledgments 
The authors are grateful to all the colleagues and friends that have helped with 
field work, especially Luigi Musco, Barbara Mikac, Adriana Giangrande, Luis Aguirre, 
Charlotte Watson, Aida Verdes, Sergi Taboada, Carlos Leiva, and Alba Medrano. Special 
thanks to Guillermo San Martín (PI of the project CGL2009-12292 BOS, from the 
Spanish Ministry of Economy and Knowledge) who helped not only with the sampling 
and sorting of material from Philippines, but also kindly shared part of the material for 
the study. We are also grateful to the anonymous referee for his/her useful comments that 
helped to improve the quality of the manuscript. The first author acknowledges the 
members of the Giribet lab and the MCZ Invertebrate Zoology Department for their help 
and support during her time at the MCZ (Harvard University, Cambridge, Massachusetts) 
where she sequenced most part of the material used for this study. Thanks also to Pat 
Hutchings (Australian Museum, Sydney) and Daniel Martín (Centre d’Estudis Avançats 
de Blanes, CEAB-CSIC, Blanes), who hosted the first author for studying part of the 
material employed in this study. Many thanks also to Enrique Rodríguez for his help with 
SEM at SIDI, UAM. This research received funding from the European Union’s 
(European Atomic Energy Community’s) Seventh Framework Program (FP7/ 2007–
2013; FP7/2007–2011) under grant agreement 227799 to P.A.-C. and from the 
Systematics Research Fund 2013/2014 (Systematic Association of the Linnean Society 
of London) to P.A.-C. Sequencing was conducted with internal MCZ funds to G.G. and 
funds from the Marie Curie IOF grant 237219 to A.R.  
 
 
 
References                                                                                                      Chapter 1.4!
!204
References 
Achurra, A., Erséus, C., 2013. DNA barcoding and species delimitation: the Stylodrilus 
heringianus case (Annelida: Clitellata: Lumbriculidae). Invertebr. Syst. 27(1), 118–128. 
Aguado, M.T., San Martín, G., Ten Hove, H., 2008. Syllidae (Annelida: Polychaeta) from 
Indonesia collected by the Siboga (1899–1900) and Snellius II (1984) expeditions. 
Zootaxa 1673, 1–48. 
Augener, H., 1918. Polychaeta. Beiträge zur Kenntnis der Meeresfauna Westafrikas 2 (2), 67–
625. 
Álvarez-campos, P., Riesgo, A., Hutchings, P., San Martín, G. 2015. The genus Syllis Savigny in 
Lamarck, 1818 (Annelida, Syllidae) from Australia. Molecular analysis and re-
description of some poorly-known species. Zootaxa 4052(2), 297–331. 
Álvarez-Campos P., Giribet G., San Martín G, Rouse GW, Riesgo A. In press. Straightening the 
striped chaos: systematics and evolution of Trypanosyllis and the case of its pseudo-
cryptic type species Trypanosyllis krohnii (Annelida, Syllidae). Zool. J. Linn. Soc. 
Appeltans, W., Ahyong, S.T., Anderson, G., Angel, M.V., Artois, T., Bailly, N., ...Hopcroft, R.R. 
2012. The magnitude of global marine species diversity. Curr. Biol. 22, 2189–2202. 
Barroso, R., Klautau, M., Solé-Cava, A.M., Paiva, P.C. 2010. Eurythoe complanata (Polychaeta: 
Amphinomidae), the ‘cosmopolitan’ fireworm, consists of at least three cryptic species. 
Mar. Biol. 157, 69–80. 
Bastrop, R., Jürss, K., Sturmbauer, C. 1998. Cryptic species in marine polychaete and their 
independent introduction from North America to Europe. Mol. Biol. Evol. 15, 97–103. 
Baum, D., Shaw, K. 1995. Genealogical perspectives on the species problem, In: Hoch, P.C., 
Stephenson, A.G., eds. Experimental and molecular approaches to plant biosystematics. 
Missouri Botanical Garden, Missouri, pp. 289–303. 
Bickford, D., Lohman, D.J., Sodhi, N.S., Ng, P.K.L., Meier, R., Winker, K., Ingram, K.K., Das, 
I. 2007. Cryptic species as a window on diversity and conservation. Trends Ecol. Evol. 
22, 148–155. 
Bleidorn, C., Kruse, I., Albrecht, S., Bartolomaeus, T. 2006. Mitochondrial sequence data expose 
the putative cosmopolitan polychaete Scoloplos armiger (Annelida, Orbiniidae) as a 
species complex. BMC Evol. Biol. 6(1), 47. 
Borda, E., Kudenov, J.D., Chevaldonné, P., Desbruyères, D., Blake, J.A., Fabri, M-C., Hourdez, 
S., Shank, T.M., Wilson, N.G., Pleijel, F., Schulze, A., Rouse, G.W. 2013. Cryptic species 
References                                                                                                      Chapter 1.4!
! 205!
of Archinome (Annelida: Amphinomidae) from hydrothermal vents and cold seeps. Proc. 
R. Soc. Lond. B. Bio. Sci. 280, 20131876 
Carr, C.M., Hardy, S.M., Brown, T.M., Macdonald, T.A., Hebert, P.D. 2011. A tri-oceanic 
perspective: DNA barcoding reveals geographic structure and cryptic diversity in 
Canadian polychaetes. PLoS One 6, e22232. 
Castresana, J. 2002. Gblocks, v. 0.91 b. online version available at: http://molevol. 
cmima.csic.es/castresana.Gblocks_server.html. 
Cornils, A., Held, C. 2014. Evidence of cryptic and pseudo-cryptic speciation in the Paracalanus 
parvus species complex (Crustacea, Copepoda, Calanoida). Front. Zool. 11(1), 1–17. 
Darriba, D., Taboada, G.L., Doallo, R., Posada, D. 2012. jModelTest 2: more models, new 
heuristics and parallel computing. Nat. Methods 9, 772–772. 
de Queiroz, K. 2007. Species concepts and species delimitation. Syst. Biol. 56(6), 879–886. 
de Queiroz, K. 2011. Branches in the lines of descent: Charles Darwin and the evolution of the 
species concept. Biol. J. Linn. Soc. 103(1), 19–35. 
DeSalle, R., Egan, M.G., Siddall, M. 2005. The unholy trinity: Taxonomy, species delimitation 
and DNA barcoding. Philos. Trans. R. Soc. B. Biol. Sci. 360, 1905–1916. 
Edgecombe, G.D., Giribet, G. 2006. A century later — a total evidence re-evaluation of the 
phylogeny of scutigeromorph centipedes (Myriapoda : Chilopoda). Invertebr. Syst. 20, 
503–525. 
Erséus, C., Gustafsson, D. 2009. Cryptic speciation in clitellate model organisms. In Annelids in 
Modern Biology. (Ed. Dan Shain.) pp. 31–46. (John Wiley & Sons: Hoboken, NJ, USA.). 
Ferguson, J.W.H. 2002. On the use of genetic divergence for identifying species. Biol. J. Linn. 
Soc. 75, 509–516.  
Fernández, R., Giribet, G. 2014. Phylogeography and species delimitation in the New Zealand 
endemic, genetically hypervariable harvestman species, Aoraki denticulata (Arachnida, 
Opiliones, Cyphophthalmi). Invertebr. Syst. 28, 401–414. 
Geller, J., Meyer, C., Parker, M., Hawk, H., 2013. Redesign of PCR primers for mitochondrial 
cytochrome c oxidase subunit I for marine invertebrates and application in all-taxa biotic 
surveys. Mol. Ecol. Resour. 13: 851–861. 
Giribet, G., Carranza, S., Baguñà, J., Riutort, M., Ribera, C. 1996. First molecular evidence for 
the existence of a Tardigrada + Arthropoda clade. Mol. Biol. Evol. 13, 76–84. 
References                                                                                                      Chapter 1.4!
!206
Glasby, C.J., Wei, N.W.V., Gibb, K.S. 2013. Cryptic species of Nereididae (Annelida: 
Polychaeta) on Australian coral reefs. Invertebr. Syst. 27, 245–264. 
Gouy, M. Guindon, S., Gascuel., O. 2010 SeaView version 4: a multiplatform graphical user 
interface for sequence alignment and phylogenetic tree building. Mol. Biol. Evol. 27(2), 
221–224. 
Grube, A.E. 1840. Actinien, Echinodermen und Würmer des Adriatischen und Mittelmeers. J.H. 
Bon. Königsberg, 19 pp. 
Gustafsson, D.R., Price, D.A., Erséus, C. 2009. Genetic variation in the popular lab worm 
Lumbriculus variegatus (Annelida: Clitellata: Lumbriculidae) reveals cryptic speciation. 
Mol. Phylogenet. Evol. 51, 182–189. 
Halt, M.N., Kupriyanova, E.K., Cooper, S.J.B., Rouse, G.W. 2009. Naming species with no 
morphological indicators: species status of Galeolaria caespitosa (Annelida : Serpulidae) 
inferred from nuclear and mitochondrial gene sequences and morphology. Invertebr. Syst. 
23, 205–222. 
Hebert, P.D.N., Ratnasingham, S., de Waard, J.R., 2003. Barcoding animal life: cytochrome c 
oxidase subunit 1 divergences among closely related species. Proc. R. Soc. Lond. B. Biol. 
Sci.  270, S96–S99. 
Hebert, P.D.N., Penton, E.H., Burns, J., Janzen, D.J.,Hallwachs, W. 2004. Ten species in one: 
DNA barcoding reveals cryptic species in the Neotropical skipper butterfly, Astraptes 
fulgerator. Proc. Natl. Acad. Sci. USA 101, 14812–14817. 
Imajima, M. 2003. Polychaetous Annelids from Sagami Bay and Sagami Sea collected by the 
Emperor Showa of Japan and deposited at the Showa Memorial Institute, National 
Science Museum, Tokyo (II), Orders included within the Phyllodocida, Amphinomida, 
Spintherida and Enicida. Nat. Sci. Mus. Monographs 23, 1–221 
Jolly, M., Viard, F., Gentil, F., Thiébaut, E., Jollivet, D. 2006. Comparative phylogeography of 
two coastal polychaete tubeworms in the Northeast Atlantic supports shared history and 
vicariant events. Mol. Ecol. 15, 1814–1855 
Katoh, K., Standley, D.M. 2013. MAFFT multiple sequence alignment software version 7: 
Improvements in performance and usability. Mol. Biol. Evol. 30, 772–780. 
Kawauchi, G.Y., Giribet, G. 2010. Are there true cosmopolitan sipunculan worms? A genetic 
variation study within Phascolosoma perlucens (Sipuncula, Phascolosomatidae). Mar. 
Biol. 157, 1417–1431. 
References                                                                                                      Chapter 1.4!
! 207!
Kawauchi, G.Y., Giribet, G. 2014. Sipunculus nudus Linnaeus, 1766 (Sipuncula): cosmopolitan 
or a group of pseudo,cryptic species? An integrated molecular and morphological 
approach. Mar. Ecol. 35, 478–491. 
Kearse, M., Moir, R., Wilson, A., Stones-Havas, S., Cheung, M., Sturrock, S., Buxton, S., Cooper, 
A., Sidney, M., Duran, C., Thierer, T., Ashton, B., Meintjes, P., Drummond, A. 2012. 
Geneious Basic: an integrated and extendable desktop software platform for the 
organization and analysis of sequence data. Bioinformatics 28, 1647–1649. 
Kimura, M. 1980. A simple method for estimating evolutionary rates of base substitutions through 
comparative studies of nucleotide sequences. J. Mol. Evol. 16, 111–120. 
Knowlton, N. 1993. Sibling species in the sea. Ann. Rev. Ecol. Syst. 24, 189–216.  
Knowlton, N. 2000. Molecular genetic analyses of species boundaries in the sea. Hydrobiologia 
420, 73–90. 
Knowlton, N., Weigt, L.A. 1998 New dates and new rates for divergence across the Isthmus of 
Panama. Proc. R. Soc. Lond. B. Biol. Sci. 265, 2257–2263. 
Kvist, S., Sarkar, I.N., Erséus, C. 2010. Genetic variation and phylogeny of the cosmopolitan 
marine genus Tubificoides (Annelida: Clitellata: Naididae: Tubificinae). Mol. 
Phylogenet. Evol. 57, 687–702. 
Lefébure, T., Douady, C.J., Gouy, M., Gibert, J. 2006. Relationship between morphological 
taxonomy and molecular divergence within Crustacea: proposal of a molecular threshold 
to help species delimitation. Mol. Phylogenet. Evol. 40, 435–447 
Lewis, C., Karageorgopoulos, P. 2008. A new species of Marphysa (Eunicidae) from the Western 
Cape of South Africa. J. Mar. Biol. Assoc. UK 88, 277–287. 
Licher, F. 1999. Revision der Gattung Typosyllis Langerhans, 1879 (Polychaeta: Syllidae). 
Morphologie, Taxonomie und Phylogenie. Abhandlungen der Senckenbergischen 
Naturforschenden Gesellschaft, 551, 1–336 
Luttikhuizen, P.C., Dekker, R. 2010. Pseudo-cryptic species Arenicola defodiens and Arenicola 
marina (Polychaeta: Arenicolidae) in Wadden Sea, North Sea and Skagerrak: 
morphological and molecular variation. J. Sea Res. 63, 17–23. 
Luttikhuizen, P.C., Bol, A., Cardoso, J.F.M.F., Dekker, R. 2011. Overlapping distributions of 
cryptic Scoloplos cf. armiger species in the Western Wadden Sea. J. Sea Res. 66, 231–
237. 
References                                                                                                      Chapter 1.4!
!208
Maltagliati, F., Peru, A. P., Casu, M., Rossi, F., Lardicci, C., Curini-Galletti, M., Castelli, A. 
2000. Is Syllis gracilis (Polychaeta: Syllidae) a species complex? An allozyme 
perspective. Mar. Biol. 136(5), 871–879. 
Martin, D., Núñez, J., Riera, R., Gil, J. 2002. On the association between Haplosyllis (Polychaeta, 
Syllidae) and gorgonians (Cnidaria, Octocorallia), with the description of a new species. 
Biol. J. Linn. Soc. 77(4), 455–477. 
Meyer, C.P., Paulay, G. 2005. DNA barcoding: Error rates based on comprehensive sampling. 
PLoS Biol. 3, e422. 
Meyer, A., Bleidorn, C., Rouse, G.W., Hausen, H. 2008. Morphological and molecular data 
suggest a cosmopolitan distribution of the polychaetes Proscoloplos cygnochaetus Day, 
1954 (Annelida, Orbiniidae). Mar. Biol. 153, 879–889. 
Mertens, K.N., Bringué, M., Van Nieuwenhove, N., Takano, Y., Pospelova, V., Rochon, A., De 
Vernal, A., Radi, T., Dale, B., Tatterson, R.T., Weckström, K., Andrén, E., Louwye, S., 
Matsuoka, K. 2012. Process length variation of the cyst of the dinoflagellate 
Protoceratium reticulatum in the North Pacific and Baltic,Skagerrak region: calibration 
as an annual density proxy and first evidence of pseudo,cryptic speciation. J. Quaternary 
Sci. 27, 734–744. 
Miglietta, M.P., Hourdez, S., Cowart, D.A., Schaeffer, S.W., Fisher, C. 2010. Species boundaries 
of Gulf of Mexico vestimentiferans (Polychaeta, Siboglinidae) inferred from 
mitochondrial genes. Deep Sea Res. Part II Top. Stud. Oceanogr. 57, 1916–1925. 
Monaghan, M.T., Wild, R., Elliot, M., Fujisawa, T., Balke, M., Inward, D.J.G., Lees, D.C., 
Ranaivosolo, R., Eggleton, P., Barraclough, T., Vogler, A.P. 2009. Accelerated species 
inventory on Madagascar using coalescent-based models of species delineation. Syst. 
Biol. 58, 298–311. 
Neal, L., Wiklund, H., Muir, A.I., Linse, K., Glover, A.G. 2014. The identity of juvenile 
Polynoidae (Annelida) in the Southern Ocean revealed by DNA taxonomy, with notes on 
the status of Herdmanella gracilis Ehlers sensu Augener. Mem. Mus. Vic. 71, 203–216. 
Nygren, A. 2014. Cryptic polychaete diversity: a review. Zool. Scr. 43, 172–183. 
Nygren, A., Pleijel, F. 2011. From one to ten in a single stroke – resolving the European Eumida 
sanguinea (Phyllodocidae, Annelida) species complex. Mol. Phylogenet. Evol. 58, 132–
141.  
Nygren A, Eklöf J, Pleijel F. 2009. Arctic-boreal sibling species of Paranaitis (Polychaeta, 
Phyllodocidae). Mar. Biol. Res. 5, 315–327. 
References                                                                                                      Chapter 1.4!
! 209!
Nygren, A., Eklöf, J., Pleijel, F. 2010. Cryptic species of Notophyllum (Polychaeta: 
Phyllodocidae) in Scandinavian waters. Org. Divers. Evol. 10, 193–204. 
Palumbi, S.R., 1996. Nucleic acids II: The polymerase chain reaction, in: Hillis, D.M., Moritz, 
C., Mable, B.K. eds. Molecular Systematic, 2nd ed. Sinauer, Sunderland, Massachusetts, 
USA, pp. 205–247. 
Paradis, E., Claude, J., Strimmer, K., 2004. APE: analyses of phylogenetics and evolution in R 
language. Bioinformatics 20, 289–290.  
Pires, A., Paxton, H., Quintino, V., Rodrigues, A.M. 2010. Diopatra (Annelida: Onuphidae) 
diversity in European waters with the description of Diopatra micrura, new species. 
Zootaxa 2395, 17–33. 
Pleijel, F., Rouse, G., Nygren, A. 2009. Five colour morphs and three new species of Gyptis 
(Hesionidae, Annelida) under a jetty in Edithburg, South Australia. Zool. Scr. 38, 89–99. 
Pons, J., Barraclough, T.G., Gómez-Zurita, J., Cardoso, A., Duran, D.P., Hazell, S., Kamoun, S., 
Sumlin, W.D., Vogler, A.P. 2006. Sequence-based species delimitation for the DNA 
taxonomy of undescribed insects. Syst. Biol. 55, 595–609.  
Rambaut, A., Suchard, M.A., Xie, D., Drummond, A.J. 2014. Tracer v1.6, Available 
from http://beast.bio.ed.ac.uk/Tracer. 
Renner, S.S. 2016. A return to Linnaeus's focus on diagnosis, not description: The use of DNA 
characters in the formal naming of species. Syst. Biol. 0, 1–11. 
Rice, S.A., Karl, S., Rice, K. 2008. The Polydora cornuta complex (Annelida: Polychaeta) 
contains populations that are reproductively isolated and genetically distinct. Invertebr. 
Biol. 127, 45–64. 
Ronquist, F., Teslenko, M., van der Mark, P., Ayres, D.L., Darling, A., Höhna, S., Larget, B., 
Liu, L., Suchard, M.A., Huelsenbeck, J.P. 2012. MrBayes 3.2: efficient Bayesian 
phylogenetic inference and model choice across a large model space. Syst. Biol. 61, 539–
542. 
Sáez, A.G., Probert, I., Geisen, M., Quinn, P., Young, J.R., Medlin, L.K. 2003. Pseudo-cryptic 
speciation in coccolithophores. Proc. Natl. Acad. Sci. USA 100, 7163–7168. 
San Martín, G. 2003.  Fauna Ibérica, vol. 21: Annelida Polychaeta II: Syllidae. Museo Nacional 
de Ciencias Naturales. CSIC. Madrid, Spain,  554 pp. 
Schüller, M., Hutchings, P.A. 2012. New species of Terebellides (Polychaeta: Trichobranchidae) 
indicate long-distance dispersal between western South Atlantic deep-sea basins. Zootaxa 
2395, 1–16. 
References                                                                                                      Chapter 1.4!
!210
Schulze, A. 2006. Phylogeny and genetic diversity of palolo worms (Palola, Eunicidae) from the 
Tropical North Pacific and the Caribbean. Biol. Bull. 210, 25–37. 
Schulze, S.R., Rice, S.A., Simon, J.L., Karl, S.A. 2000. Evolution of poecilogony and the 
biogeography of North American populations of the polychaete Streblospio. Evolution 
54, 1247–1259. 
Spellerberg, I.F., Sawyer, J.W. 1999. An introduction to applied biogeography. Cambridge 
University Press. 
Srivathsan, A., Meier, R. 2012. On the inappropriate use of Kimura-2-parameter (K2P) 
divergences in the DNA-barcoding literature. Cladistics 27, 1–15. 
Stamatakis, A. 2006. RAxML-VI-HPC: maximum likelihood-based phylogenetic analyses with 
thousands of taxa and mixed models. Bioinformatics 22, 2688–2690. 
Stamatakis, A., Hoover, P., Rougemont, J. 2008. A rapid bootstrap algorithm for the RAxML 
web servers. Syst. Biol. 57, 758–771. 
Staton, J.L., Rice, M.E. 1999. Genetic differentiation despite teleplanic larval dispersal: allozyme 
variation in sipunculans of the Apionsoma misakianum species-complex. Bull. Mar. Sci. 
65, 467–480. 
Stiller, J., Rousset, V., Pleijel, F., Chevaldonné, P., Vrijenhoek, R.C., Rouse, G.W. 2013. 
Phylogeny, biogeography and systematics of hydrothermal vent and methane seep 
Amphisamytha (Ampharetidae, Annelida), with descriptions of three new species. Syst. 
Biodivers. 11, 35–65. 
Sundberg, P., Thuróczy Vodoti, E., Zhou, H., Strand, M. 2009. Polymorphism hides cryptic 
species in Oerstedia dorsalis (Nemertea, Hoplonemertea). Biol. J. Linn. Soc. 98, 556–
567.  
Tamura, K., Peterson, D., Peterson, N., Stecher, G., Nei, M., Kumar, S. 2011. MEGA5: molecular 
evolutionary genetics analysis using maximum likelihood, evolutionary distance, and 
maximum parsimony methods. Mol. Biol. Evol. 28, 2731–2739. 
Westheide, W., Haß-Cordes, E., Krabusch, M., Müller, M. 2003. Ctenodrilus serratus 
(Ctenodrilidae, Polychaeta) is a truly amphi-Atlantic meiofauna species – evidence from 
molecular data. Mar. Biol. 142, 637–642. 
Wiklund, H., Glover, A.G., Johannessen, P.J., Dahlgren, T.G., 2009. Cryptic speciation at 
organic-rich marine habitats: a new bacteriovore annelid from whale-fall and fish farms 
in the North-East Atlantic. Zool. J. Linn. Soc. 155, 774–785. 
References                                                                                                      Chapter 1.4!
! 211!
Wilgenbusch, J.C., Warren, D.L., Swofford, D.L. 2004. AWTY: A system for graphical 
exploration of MCMC convergence in Bayesian phylogenetic inference. 
http://ceb.csit.fsu.edu/awtyvlñ. 
Zhang, J., Kapli, P., Pavlidis, P., Stamatakis, A. 2013. A general species delimitation method with 
applications to phylogenetic placements. Bioinformatics 29, 2869–2876. 
Zhou, H., Fend, S.V., Gustafson, D.L., De Wit, P., Erséus, C. 2010. Molecular phylogeny of 
Nearctic species of Rhynchelmis (Annelida). Zool. Scr. 39, 378–
Su
pp
le
m
en
ta
ry
 M
at
er
ia
l  
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
 C
h
ap
te
r 
1.
4!
!
!
21
2!
Su
pp
le
m
en
ta
ry
 m
at
er
ia
l S
1.
 L
oc
al
iti
es
, s
ub
st
ra
te
s, 
da
te
 o
f 
sa
m
pl
in
g,
 c
oo
rd
in
at
es
, c
at
al
og
ue
 n
um
be
rs
, a
nd
 G
en
B
an
k 
ac
ce
ss
io
n 
nu
m
be
rs
 f
or
 a
ll 
th
e 
sp
ec
im
en
s 
se
qu
en
ce
d.
 
Se
qu
en
ce
s g
en
er
at
ed
 fo
r t
hi
s s
tu
dy
 a
pp
ea
r i
n 
bo
ld
 le
tte
rs
. 
 
Sp
ec
ie
s 
C
od
e 
N
 
sp
ec
 
L
oc
al
ity
 
Su
bs
tr
at
e 
C
ol
le
ct
io
n 
da
te
 
C
oo
rd
in
at
es
 
(d
ec
im
al
 
de
gr
ee
s)
 
M
us
eu
m
 
nu
m
be
rs
 
28
S 
18
S 
16
S 
C
O
I 
H
ap
lo
sy
lli
s 
sp
on
gi
co
la
 
– 
1 
B
an
yu
ls
-s
ur
-m
er
, 
Fr
an
ce
 
– 
– 
42
.4
83
33
3 
3.
13
33
33
 
M
N
C
N
: 
A
D
N
 9
57
8 
– 
EF
12
38
37
 
EF
12
37
91
 
EF
12
37
51
 
Br
an
ch
io
sy
lli
s 
ex
ili
s 
– 
1 
D
ar
w
in
, N
T,
 
A
us
tra
lia
 
– 
– 
-1
2.
46
28
27
 
13
0.
84
17
82
 
A
M
 
W
.3
77
14
 
– 
JF
90
35
83
 
JF
90
36
92
 
– 
– 
1 
Sh
ar
k 
B
ay
, W
A
, 
A
us
tra
lia
 
– 
– 
-2
5.
5 
11
3.
5 
A
M
 
W
.3
33
89
 
– 
JF
90
35
81
 
JF
90
36
91
 
JF
90
37
83
 
Br
an
ch
io
sy
lli
s 
ci
rr
op
un
ct
at
a 
– 
1 
G
re
en
 H
ea
d,
 
W
A
, A
us
tra
lia
 
– 
– 
-3
0.
05
 
11
4.
96
66
67
 
A
M
 
W
.3
77
28
 
– 
JF
90
35
80
 
JF
90
36
90
 
– 
Br
an
ch
io
sy
lli
s 
th
yl
ac
in
e 
– 
1 
Po
rt 
Ja
ck
so
n,
 
N
SW
, A
us
tra
lia
 
– 
– 
-3
5.
85
83
33
 
15
1.
23
33
33
 
– 
– 
JF
90
35
86
 
JF
91
39
51
 
– 
Sy
lli
s l
ut
ea
 
– 
1 
So
m
br
er
o 
Is
la
nd
, 
B
al
ay
an
 B
ay
, 
Lu
zo
n 
Is
la
nd
, 
Ph
ili
pp
in
es
 
C
or
al
 ru
bb
le
, 
17
 m
 
6 
D
ec
 
20
10
 
13
.6
97
77
8 
12
0.
82
97
22
 
M
N
C
N
: 
A
D
N
 
86
81
3,
 
16
.0
1/
17
37
6 
– 
– 
K
X
28
09
32
 
K
X
28
09
75
 
Sy
lli
s c
f. 
lu
te
a 
– 
1 
H
er
on
 Is
la
nd
, 
Q
LD
, A
us
tra
lia
 
– 
– 
-2
3.
44
22
97
6 
15
1.
91
48
00
4 
– 
– 
JF
90
36
54
 
JF
90
37
30
 
– 
Sy
lli
s 
ya
lli
ng
up
en
si
s 
– 
1 
Po
rt 
D
en
is
so
n,
 
W
A
, A
us
tra
lia
 
– 
– 
-2
9.
27
48
68
2 
11
4.
92
01
00
9 
A
M
 
W
.3
76
90
 
– 
JF
90
36
72
 
JF
90
37
44
 
– 
Sy
lli
s 
br
oo
m
en
si
s 
– 
1 
G
oo
de
s I
s.,
 Q
LD
, 
A
us
tra
lia
 
– 
– 
-1
0.
56
25
56
7 
14
2.
16
07
08
8 
A
M
 
W
.3
77
13
 
– 
JF
90
36
51
 
JF
90
37
28
 
– 
Su
pp
le
m
en
ta
ry
 M
at
er
ia
l  
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
 C
h
ap
te
r 
1.
4!
!
!
21
3!
– 
1 
“S
ep
ok
 p
oi
nt
”,
 
be
tw
ee
n 
B
al
ay
an
 
B
ay
 a
nd
 
B
at
an
ga
s B
ay
, 
Lu
zo
n 
Is
la
nd
,  
Ph
ili
pp
in
es
 
C
or
al
 ru
bb
le
, 
6 
m
 
10
 D
ec
 
20
10
 
13
.6
83
88
9 
12
0.
89
58
33
 
M
N
C
N
: 
A
D
N
 
86
81
4,
 
16
.0
1/
16
86
8 
– 
– 
K
U
18
28
92
 
K
U
18
28
97
 
Sy
lli
s a
m
ic
a 
– 
1 
Pu
er
to
 C
ol
er
a,
 
G
iro
na
, S
pa
in
 
Li
th
op
hy
llu
m
 
to
rt
uo
su
m
, 0
 
m
 
14
 S
ep
 
20
11
 
42
.4
03
33
3 
3.
16
52
78
 
M
C
Z 
25
18
8 
M
N
C
N
: 
A
D
N
 8
57
11
 
– 
K
X
08
48
58
 
K
X
08
49
24
 
K
X
08
49
27
 
Sy
lli
s p
ul
vi
na
ta
 
– 
1 
Pu
er
to
 C
ol
er
a,
 
G
iro
na
, S
pa
in
 
C
od
iu
m
 
to
m
en
to
su
m
, 
2 
m
 
14
 S
ep
 
20
11
 
42
.4
03
33
3 
3.
16
52
78
 
M
N
C
N
: 
A
D
N
 8
68
15
 
M
C
Z 
25
26
3 
K
X
28
09
29
 
K
X
28
10
50
 
K
X
28
09
69
 
K
X
28
09
76
 
Sy
lli
s 
co
lu
m
br
et
en
si
s 
– 
1 
C
ap
 d
e 
C
re
us
, 
G
iro
na
, S
pa
in
 
Pa
ra
m
ur
ic
ea
 
cl
av
at
a,
 4
0 
m
 
16
 S
ep
 
20
11
 
42
.3
20
27
8 
3.
32
05
56
 
M
C
Z 
25
19
1 
M
N
C
N
: 
A
D
N
 8
57
13
 
– 
K
X
08
48
45
 
K
X
08
48
60
 
K
X
08
49
28
 
Sy
lli
s v
ar
ie
ga
ta
 
– 
1 
“P
ol
po
llc
an
”,
 E
l 
N
id
o,
 P
al
aw
an
 
Is
la
nd
, 
Ph
ili
pp
in
es
 
C
or
al
 ru
bb
le
, 
3 
m
 
15
 D
ec
 
20
10
 
11
.1
97
22
2 
11
9.
28
5 
M
N
C
N
: 
A
D
N
 8
68
16
 
M
C
Z 
25
41
6 
K
X
28
09
30
 
K
X
28
10
49
 
K
X
28
09
74
 
K
X
28
10
10
 
Sy
lli
s b
el
la
 
– 
1 
“S
ep
ok
 p
oi
nt
”,
 
be
tw
ee
n 
B
al
ay
an
 
B
ay
 a
nd
 
B
at
an
ga
s B
ay
, 
Lu
zo
n 
Is
la
nd
, 
Ph
ili
pp
in
es
 
C
or
al
 ru
bb
le
, 
6 
m
 
10
 D
ec
 
20
10
 
13
.6
83
88
9 
12
0.
89
58
33
 
M
C
Z 
25
19
0 
M
N
C
N
: 
A
D
N
 8
57
12
 
– 
K
X
08
48
46
 
K
X
08
48
59
 
K
X
08
49
26
 
Sy
lli
s a
rm
ill
ar
is
 
– 
1 
Sp
ai
n 
– 
– 
– 
M
N
C
N
 
16
.0
1/
13
28
4 
– 
JF
91
39
69
 
JF
90
37
27
 
– 
Sy
lli
s h
ya
lin
a 
– 
1 
So
m
br
er
o 
Is
la
nd
, 
B
al
ay
an
 B
ay
, 
C
or
al
 ru
bb
le
, 
17
 m
 
6 
D
ec
 
20
10
 
13
.6
97
77
8 
12
0.
82
97
22
 
M
N
C
N
: 
A
D
N
 
K
X
28
09
31
 
K
X
28
10
51
 
– 
K
X
28
09
77
 
Su
pp
le
m
en
ta
ry
 M
at
er
ia
l  
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
 C
h
ap
te
r 
1.
4!
!
!
21
4!
Lu
zo
n 
Is
la
nd
, 
Ph
ili
pp
in
es
 
86
81
7,
 
16
.0
1/
17
37
7 
– 
1 
Po
rt 
de
 la
 S
el
va
, 
G
iro
na
, S
pa
in
 
– 
– 
42
.3
37
5 
3.
20
33
33
 
M
N
C
N
: 
A
D
N
 9
61
2 
– 
EF
12
38
51
 
EF
12
38
18
 
EF
12
37
79
 
– 
1 
Po
rt 
Ph
ill
ip
 B
ay
, 
V
IC
, A
us
tra
lia
 
– 
– 
-3
8.
10
30
56
 
14
4.
43
75
 
– 
– 
JF
90
36
62
 
JF
90
37
35
 
– 
Sy
lis
 p
ic
ta
 
– 
1 
So
m
br
er
o 
Is
la
nd
, 
B
al
ay
an
 B
ay
, 
Lu
zo
n 
Is
la
nd
, 
Ph
ili
pp
in
es
 
C
or
al
 ru
bb
le
, 
17
 m
 
6 
D
ec
 
20
10
 
13
.6
97
77
8 
12
0.
82
97
22
 
M
N
C
N
 
16
.0
1/
17
42
5 
– 
– 
– 
K
X
28
10
08
 
– 
1 
”T
w
in
 R
oc
ks
”,
 E
l 
N
id
o,
 P
al
aw
an
 
Is
la
nd
,  
Ph
ili
pp
in
es
 
U
ni
de
nt
ifi
ed
 
sp
on
ge
s, 
6 
m
 
17
 D
ec
 
20
10
 
11
.2
97
22
2 
11
9.
31
83
33
 
M
N
C
N
: 
A
D
N
 
86
81
8,
 
16
.0
1/
17
37
8 
K
X
28
09
24
 
K
X
28
10
28
 
K
X
28
09
68
 
K
X
28
10
09
 
– 
1 
M
er
m
ai
d 
C
ov
e,
 
Li
za
rd
 Is
., 
Q
, 
A
us
tra
lia
 
14
.5
 m
 
1 
Se
p 
20
10
 
–1
4.
64
80
5 
14
5.
45
00
0 
M
N
C
N
: 
A
D
N
 8
68
19
 
A
M
 
W
.4
17
08
 
 
– 
K
U
18
28
87
 
K
U
18
28
90
 
– 
– 
1 
So
m
br
er
o 
Is
la
nd
, 
B
al
ay
an
 B
ay
, 
Lu
zo
n 
Is
la
nd
, 
Ph
ili
pp
in
es
 
C
or
al
 ru
bb
le
, 
17
 m
 
6 
D
ec
 
20
10
 
13
.6
97
77
8 
12
0.
82
97
22
 
M
N
C
N
: 
A
D
N
 
86
82
0,
 
16
.0
1/
17
37
9 
– 
K
X
28
10
16
 
K
X
28
09
33
 
– 
– 
1 
H
ig
h 
R
oc
k,
 
Li
za
rd
 Is
., 
Q
, 
A
us
tra
lia
 
C
or
al
 ru
bb
le
, 
20
.1
 m
 
11
 S
ep
 
20
10
 
–1
4.
82
60
 
14
5.
55
22
2 
A
M
 
W
.4
16
34
 
 
– 
– 
K
X
28
09
34
 
– 
Su
pp
le
m
en
ta
ry
 M
at
er
ia
l  
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
 C
h
ap
te
r 
1.
4!
!
!
21
5!
Sy
lli
s f
ili
pi
no
 1
 
Sg
1 
1 
“K
oa
la
 p
oi
nt
”,
 
B
al
ay
an
 B
ay
, 
Lu
zo
n 
Is
la
nd
,  
Ph
ili
pp
in
es
 
C
or
al
 ru
bb
le
, 
16
 m
 
5 
D
ec
 
20
10
 
13
.7
98
88
9 
12
0.
86
94
44
 
M
N
C
N
: 
A
D
N
 
86
82
1,
 
16
.0
1/
17
38
0 
K
X
28
09
26
 
K
X
28
10
29
 
K
X
28
09
67
 
K
X
28
10
05
 
Sg
2 
1 
So
m
br
er
o 
Is
la
nd
, 
B
al
ay
an
 B
ay
, 
Lu
zo
n 
Is
la
nd
, 
Ph
ili
pp
in
es
 
C
or
al
 ru
bb
le
, 
17
 m
 
6 
D
ec
 
20
10
 
13
.6
97
77
8 
12
0.
82
97
22
 
M
N
C
N
: 
A
D
N
 
86
82
2,
 
16
.0
1/
17
38
1 
– 
K
X
28
10
24
 
K
X
28
09
64
 
– 
Sg
3 
1 
”T
w
in
 R
oc
ks
”,
 E
l 
N
id
o,
 P
al
aw
an
 
Is
la
nd
,  
Ph
ili
pp
in
es
 
U
ni
de
nt
ifi
ed
 
sp
on
ge
s, 
6 
m
 
17
 D
ec
 
20
10
 
11
.2
97
22
2 
11
9.
31
83
33
 
M
N
C
N
 
16
.0
1/
17
38
2 
– 
– 
K
X
28
09
65
 
– 
Sg
14
 
1 
”T
w
in
 R
oc
ks
”,
 E
l 
N
id
o,
 P
al
aw
an
 
Is
la
nd
,  
Ph
ili
pp
in
es
 
U
ni
de
nt
ifi
ed
 
sp
on
ge
s, 
6 
m
 
17
 D
ec
 
20
10
 
11
.2
97
22
2 
11
9.
31
83
33
 
M
N
C
N
: 
A
D
N
 
86
82
3,
 
16
.0
1/
17
38
3 
– 
K
X
28
10
31
 
K
X
28
09
72
 
K
X
28
10
06
 
Sg
5 
1 
“K
oa
la
 p
oi
nt
”,
 
B
al
ay
an
 B
ay
, 
Lu
zo
n 
Is
la
nd
,  
Ph
ili
pp
in
es
 
C
or
al
 ru
bb
le
, 
16
 m
 
5 
D
ec
 
20
10
 
13
.7
98
88
9 
12
0.
86
94
44
 
M
N
C
N
: 
A
D
N
 
86
82
4,
 
SE
M
 
16
.0
1/
17
38
4 
K
X
28
09
27
 
K
X
28
10
30
 
K
X
28
09
66
 
K
X
28
10
07
 
L
in
ea
ge
 2
 
A
us
tra
lia
 
Sg
6 
1 
C
as
si
ni
 Is
., 
W
A
, 
A
us
tra
lia
 
So
ft 
an
d 
en
cr
us
tin
g 
co
ra
ls
, 1
1 
m
 
17
 O
ct
 
20
10
 
-1
3,
94
96
 
12
5,
62
07
3 
M
N
C
N
: 
A
D
N
 8
68
25
 
A
M
 
W
.4
16
19
 
– 
– 
K
U
18
28
91
 
K
U
18
28
93
 
Sg
7 
1 
Pr
in
ce
 o
f W
al
es
 
Is
., 
Q
LD
, 
A
us
tra
lia
 
– 
– 
-1
0.
71
29
90
 
14
2.
22
90
07
4 
– 
– 
JF
90
36
60
 
JF
90
37
33
 
– 
Su
pp
le
m
en
ta
ry
 M
at
er
ia
l  
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
 C
h
ap
te
r 
1.
4!
!
!
21
6!
L
in
ea
ge
 3
 
Ph
ili
pp
in
es
 
Sg
8 
1 
So
m
br
er
o 
Is
la
nd
, 
B
al
ay
an
 B
ay
, 
Lu
zo
n 
Is
la
nd
, 
Ph
ili
pp
in
es
 
C
or
al
 ru
bb
le
, 
17
 m
 
6 
D
ec
 
20
10
 
13
.6
97
77
8 
12
0.
82
97
22
 
M
N
C
N
: 
A
D
N
 8
68
26
 
– 
K
X
28
10
42
 
K
X
28
09
35
 
K
X
28
09
78
 
Sg
9 
1 
“M
ai
ni
f p
oi
nt
”,
 
be
tw
ee
n 
B
al
ay
an
 
B
ay
 a
nd
 
B
at
an
ga
s B
ay
, 
Lu
zo
n 
Is
la
nd
, 
Ph
ili
pp
in
es
 
Xe
to
sp
on
gi
a 
sp
., 
20
 m
 
8 
D
ec
 
20
10
 
13
.6
8 
12
0.
85
55
56
 
M
N
C
N
: 
A
D
N
 
86
82
7,
 
16
.0
1/
17
38
5 
K
X
28
09
19
 
K
X
28
10
39
 
K
X
28
09
36
 
K
X
28
09
79
 
Sg
10
 
1 
El
 N
id
o,
 P
al
aw
an
 
Is
la
nd
,  
Ph
ili
pp
in
es
 
B
ry
oz
oa
ns
, 
12
 m
 
18
 D
ec
 
20
12
 
11
.1
97
22
2 
11
9.
31
72
22
 
M
N
C
N
: 
A
D
N
 
86
82
8,
 
16
.0
1/
17
38
6 
K
X
28
09
20
 
K
X
28
10
44
 
K
X
28
09
37
 
K
X
28
09
80
 
Sg
11
 
1 
“P
ol
po
llc
an
”,
 E
l 
N
id
o,
 P
al
aw
an
 
Is
la
nd
, 
Ph
ili
pp
in
es
 
C
or
al
 ru
bb
le
, 
3 
m
 
15
 D
ec
 
20
10
 
11
.1
97
22
2 
11
9.
28
5 
M
N
C
N
: 
A
D
N
 
86
82
9,
 
16
.0
1/
17
38
7 
– 
K
X
28
10
43
 
K
X
28
09
38
 
K
X
28
09
82
 
Sg
12
 
1 
“B
ea
tri
ce
 P
oi
nt
”,
 
So
m
br
er
o 
Is
la
nd
, 
B
al
ay
an
 B
ay
, 
Lu
zo
n 
Is
la
nd
, 
Ph
ili
pp
in
es
 
C
or
al
 ru
bb
le
, 
20
 m
 
9 
D
ec
 
20
10
 
13
.6
97
77
8 
12
0.
82
97
22
 
M
N
C
N
: 
A
D
N
 
86
83
0,
 
16
.0
1/
17
38
8 
K
X
28
09
23
 
K
X
28
10
40
 
– 
K
X
28
09
81
 
Sg
13
 
1 
“B
ea
tri
ce
 P
oi
nt
”,
 
So
m
br
er
o 
Is
la
nd
, 
B
al
ay
an
 B
ay
, 
Lu
zo
n 
Is
la
nd
, 
Ph
ili
pp
in
es
 
U
ni
de
nt
ifi
ed
 
sp
on
ge
, 2
0 
m
 
9 
D
ec
 
20
10
 
13
.6
97
77
8 
12
0.
82
97
22
 
M
N
C
N
: 
A
D
N
 
86
83
1,
 
16
.0
1/
17
38
9 
K
X
28
09
21
 
K
X
28
10
41
 
K
X
28
09
73
 
– 
Sg
14
 
1 
“B
ea
tri
ce
 P
oi
nt
”,
 
So
m
br
er
o 
Is
la
nd
, 
U
ni
de
nt
ifi
ed
 
sp
on
ge
, 2
0 
m
 
9 
D
ec
 
20
10
 
13
.6
97
77
8 
12
0.
82
97
22
 
M
N
C
N
: 
A
D
N
 
K
X
28
09
22
 
K
X
28
10
46
 
K
X
28
09
46
 
K
X
28
09
83
 
Su
pp
le
m
en
ta
ry
 M
at
er
ia
l  
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
 C
h
ap
te
r 
1.
4!
!
!
21
7!
B
al
ay
an
 B
ay
, 
Lu
zo
n 
Is
la
nd
, 
Ph
ili
pp
in
es
 
86
83
2,
 
16
.0
1/
17
39
0 
Sy
lli
s y
ps
ilo
id
es
 
Sg
15
 
1 
“P
ol
po
llc
an
”,
 E
l 
N
id
o,
 P
al
aw
an
 
Is
la
nd
, 
Ph
ili
pp
in
es
 
C
or
al
 ru
bb
le
, 
3 
m
 
15
 D
ec
 
20
10
 
11
.1
97
22
2 
11
9.
28
5 
M
N
C
N
: 
A
D
N
 
86
83
3,
 
16
.0
1/
17
39
1 
K
X
28
09
17
 
K
X
28
10
38
 
– 
– 
Sg
16
 
1 
Ea
st
er
 Is
la
nd
, 
C
hi
le
 
H
al
im
ed
a 
sp
., 
0 
m
 
25
 Ja
n 
20
13
 
-2
7.
12
69
79
9 
-1
09
.2
55
48
1 
M
N
C
N
 
16
.0
1/
17
39
2 
K
X
28
09
11
 
K
X
28
09
39
 
K
X
28
10
37
 
– 
Sg
17
 
1 
“S
ep
ok
 p
oi
nt
”,
 
be
tw
ee
n 
B
al
ay
an
 
B
ay
 a
nd
 
B
at
an
ga
s B
ay
, 
Lu
zo
n 
Is
la
nd
,  
Ph
ili
pp
in
es
 
C
or
al
 ru
bb
le
, 
6 
m
 
10
 D
ec
 
20
10
 
13
.6
83
88
9 
12
0.
89
58
33
 
M
N
C
N
: 
A
D
N
 
86
83
4,
 
16
.0
1/
17
39
3 
K
X
28
09
14
 
K
X
28
10
33
 
– 
K
X
28
09
84
 
Sg
18
 
1 
Ea
st
er
 Is
la
nd
, 
C
hi
le
 
Pi
on
e 
ba
st
ifi
ca
, 3
 m
 
25
 Ja
n 
20
13
 
-2
7.
12
69
79
9 
-1
09
.2
55
48
1 
M
N
C
N
 
16
.0
1/
17
39
4 
K
X
28
09
09
 
K
X
28
10
45
 
K
X
28
09
43
 
– 
Sg
19
 
1 
“M
ai
ni
f p
oi
nt
”,
 
be
tw
ee
n 
B
al
ay
an
 
B
ay
 a
nd
 
B
at
an
ga
s B
ay
, 
Lu
zo
n 
Is
la
nd
, 
Ph
ili
pp
in
es
 
co
ra
l r
ub
bl
e,
 
20
 m
 
8 
D
ec
 
20
10
 
13
.6
8 
12
0.
85
55
56
 
M
N
C
N
: 
A
D
N
 
86
83
5,
 
16
.0
1/
17
39
5 
K
X
28
09
16
 
K
X
28
10
35
 
K
X
28
09
70
 
K
X
28
09
85
 
Sg
20
 
1 
Ea
st
er
 Is
la
nd
, 
C
hi
le
 
H
al
im
ed
a 
sp
., 
0 
m
 
25
 Ja
n 
20
13
 
-2
7.
12
69
79
9 
-1
09
.2
55
48
1 
M
N
C
N
: 
A
D
N
 
86
83
6,
 
16
.0
1/
17
39
6 
K
X
28
09
13
 
K
X
28
10
32
 
K
X
28
09
71
 
K
X
28
09
89
 
– 
1 
C
oc
on
ut
 Is
. 
H
aw
ai
i, 
U
SA
 
– 
– 
– 
M
N
C
N
 
16
.0
1/
13
29
1 
– 
JF
90
36
73
 
JF
90
37
45
 
– 
Su
pp
le
m
en
ta
ry
 M
at
er
ia
l  
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
 C
h
ap
te
r 
1.
4!
!
!
21
8!
Sg
21
 
1 
Ea
st
er
 Is
la
nd
, 
C
hi
le
 
H
al
im
ed
a 
sp
., 
0 
m
 
25
 Ja
n 
20
13
 
-2
7.
12
69
79
9 
-1
09
.2
55
48
1 
M
N
C
N
 
16
.0
1/
17
39
7 
K
X
28
09
10
 
– 
K
X
28
09
40
 
– 
Sg
22
 
1 
Sa
n 
Es
te
ba
n 
N
at
io
na
l P
ar
k,
 
V
en
ez
ue
la
 
A
lg
ae
 a
nd
 
hy
dr
oz
oa
ns
, 
2 
m
 
9 
Ju
l 
20
11
 
10
.4
70
51
00
6 
-6
7.
93
35
73
7 
M
N
C
N
 
16
.0
1/
17
39
8 
– 
– 
K
X
28
09
42
 
K
X
28
09
86
 
Sg
23
 
1 
“M
ai
ni
f p
oi
nt
”,
 
be
tw
ee
n 
B
al
ay
an
 
B
ay
 a
nd
 
B
at
an
ga
s B
ay
, 
Lu
zo
n 
Is
la
nd
, 
Ph
ili
pp
in
es
 
U
ni
de
nt
ifi
ed
 
sp
on
ge
, 2
0 
m
 
8 
D
ec
 
20
10
 
13
.6
8 
12
0.
85
55
56
 
M
N
C
N
: 
A
D
N
 
86
83
7,
 
16
.0
1/
17
39
9 
K
X
28
09
12
 
K
X
28
10
47
 
K
X
28
09
41
 
– 
Sg
24
 
1 
“M
ai
ni
f p
oi
nt
”,
 
be
tw
ee
n 
B
al
ay
an
 
B
ay
 a
nd
 
B
at
an
ga
s B
ay
, 
Lu
zo
n 
Is
la
nd
, 
Ph
ili
pp
in
es
 
U
ni
de
nt
ifi
ed
 
sp
on
ge
, 3
 m
 
8 
D
ec
 
20
10
 
13
.6
8 
12
0.
85
55
56
 
M
N
C
N
: 
A
D
N
 
86
83
8,
 
16
.0
1/
17
40
0 
– 
K
X
28
10
36
 
K
X
28
09
44
 
K
X
28
09
87
 
Sg
25
 
1 
“K
oa
la
 p
oi
nt
”,
 
B
al
ay
an
 B
ay
, 
Lu
zo
n 
Is
la
nd
,  
Ph
ili
pp
in
es
 
C
or
al
 ru
bb
le
, 
16
 m
 
5 
D
ec
 
20
10
 
13
.7
98
88
9 
12
0.
86
94
44
 
M
N
C
N
: 
A
D
N
 8
68
39
 
SE
M
 
16
.0
1/
17
40
1 
K
X
28
09
15
 
K
X
28
10
34
 
– 
K
X
28
09
88
 
Sg
26
 
1 
“B
ea
tri
ce
 P
oi
nt
”,
 
So
m
br
er
o 
Is
la
nd
, 
B
al
ay
an
 B
ay
, 
Lu
zo
n 
Is
la
nd
, 
Ph
ili
pp
in
es
 
U
ni
de
nt
ifi
ed
 
bl
ue
 sp
on
ge
, 
3 
m
 
9 
D
ec
 
20
10
 
13
.6
97
77
8 
12
0.
82
97
22
 
M
N
C
N
: 
A
D
N
 
86
84
0,
 
16
.0
1/
17
40
2 
K
X
28
09
18
 
K
X
28
10
48
 
K
X
28
09
45
 
– 
Sy
lli
s 
m
ag
el
la
ni
ca
 
Sm
1 
1 
La
s C
ru
ce
s, 
V
al
pa
ra
ís
o 
R
eg
io
n,
 C
hi
le
 
U
ni
de
nt
ifi
ed
 
ye
llo
w
 
sp
on
ge
, 1
5 
m
 
16
 Ja
n 
20
13
 
-3
3.
84
77
78
 
-7
2.
05
75
 
M
N
C
N
: 
A
D
N
 
86
84
1,
 
– 
– 
K
X
28
09
63
 
– 
Su
pp
le
m
en
ta
ry
 M
at
er
ia
l  
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
 C
h
ap
te
r 
1.
4!
!
!
21
9!
16
.0
1/
17
40
3 
Sm
2 
1 
La
s C
ru
ce
s, 
V
al
pa
ra
ís
o 
R
eg
io
n,
 C
hi
le
 
U
ni
de
nt
ifi
ed
 
ye
llo
w
 
sp
on
ge
, 1
5 
m
 
16
 Ja
n 
20
13
 
-3
3.
84
77
78
 
-7
2.
05
75
 
M
N
C
N
: 
A
D
N
 
86
84
2,
 
16
.0
1/
17
40
4 
– 
– 
K
X
28
09
58
 
– 
Sm
3 
1 
La
s C
ru
ce
s, 
V
al
pa
ra
ís
o 
R
eg
io
n,
 C
hi
le
 
U
ni
de
nt
ifi
ed
 
ye
llo
w
 
sp
on
ge
, 1
5 
m
 
16
 Ja
n 
20
13
 
-3
3.
84
77
78
 
-7
2.
05
75
 
M
N
C
N
: 
A
D
N
 
86
84
3,
 
16
.0
1/
17
40
5 
– 
– 
K
X
28
09
61
 
– 
Sm
4 
1 
La
s C
ru
ce
s, 
V
al
pa
ra
ís
o 
R
eg
io
n,
 C
hi
le
 
U
ni
de
nt
ifi
ed
 
ye
llo
w
 
sp
on
ge
, 1
5 
m
 
16
 Ja
n 
20
13
 
-3
3.
84
77
78
 
-7
2.
05
75
 
M
N
C
N
: 
A
D
N
 
86
84
4,
 
16
.0
1/
17
40
6 
– 
– 
K
X
28
09
59
 
– 
Sm
5 
1 
El
 Q
ue
so
, I
ca
, 
Pe
ru
 
A
lg
ae
, 0
 m
 
M
ay
 2
01
0 
-1
4.
48
25
53
 
-7
5.
14
14
42
 
M
N
C
N
: 
A
D
N
 
86
84
5,
 
16
.0
1/
17
40
7 
– 
K
X
28
10
25
 
K
X
28
09
60
 
K
X
28
10
03
 
Sm
6 
1 
La
s C
ru
ce
s, 
V
al
pa
ra
ís
o 
R
eg
io
n,
 C
hi
le
 
U
ni
de
nt
ifi
ed
 
ye
llo
w
 
sp
on
ge
, 1
5 
m
 
16
 Ja
n 
20
13
 
-3
3.
84
77
78
 
-7
2.
05
75
 
M
N
C
N
: 
A
D
N
 8
68
46
 
– 
– 
K
X
28
09
62
 
– 
Sm
7 
1 
El
 Q
ue
so
, 
In
de
pe
nd
en
ce
 
B
ay
, R
es
er
va
 
N
ac
io
na
l D
e 
Pa
ra
ca
s, 
Pi
sc
o 
Pr
ov
in
ce
, I
ca
, 
Pe
ru
 
Au
la
co
m
ya
 
at
er
, 0
 m
 
M
ay
 2
01
0 
-1
4.
29
84
0 
-7
6.
11
51
2 
M
N
C
N
: 
A
D
N
 
86
84
7,
 
16
.0
1/
17
40
8 
– 
– 
– 
K
X
28
10
04
 
L
in
ea
ge
s 4
 y
 5
 
Pe
ru
 
Sg
27
 
1 
El
 Q
ue
so
, 
In
de
pe
nd
en
ce
 
B
ay
, R
es
er
va
 
Au
la
co
m
ya
 
at
er
, 0
 m
 
M
ay
 2
01
0 
-1
4.
29
84
0 
-7
6.
11
51
2 
M
N
C
N
: 
A
D
N
 
86
84
8,
 
– 
K
X
28
10
52
 
K
X
28
09
47
 
K
X
28
09
90
 
Su
pp
le
m
en
ta
ry
 M
at
er
ia
l  
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
 C
h
ap
te
r 
1.
4!
!
!
22
0!
N
ac
io
na
l D
e 
Pa
ra
ca
s, 
Pi
sc
o 
Pr
ov
in
ce
, I
ca
, 
Pe
ru
 
16
.0
1/
17
40
9 
Sg
28
 
1 
El
 Q
ue
so
, 
In
de
pe
nd
en
ce
 
B
ay
, R
es
er
va
 
N
ac
io
na
l D
e 
Pa
ra
ca
s, 
Pi
sc
o 
Pr
ov
in
ce
, I
ca
, 
Pe
ru
 
Au
la
co
m
ya
 
at
er
, 0
 m
 
M
ay
 2
01
0 
-1
4.
29
84
0 
-7
6.
11
51
2 
M
N
C
N
: 
A
D
N
 
86
84
9,
 
16
.0
1/
17
41
0 
– 
K
X
28
10
27
 
– 
K
X
28
09
91
 
Sg
29
 
1 
El
 Q
ue
so
, 
In
de
pe
nd
en
ce
 
B
ay
, R
es
er
va
 
N
ac
io
na
l D
e 
Pa
ra
ca
s, 
Pi
sc
o 
Pr
ov
in
ce
, I
ca
, 
Pe
ru
 
Au
la
co
m
ya
 
at
er
, 0
 m
 
M
ay
 2
01
0 
-1
4.
29
84
0 
-7
6.
11
51
2 
M
N
C
N
: 
A
D
N
 8
68
50
 
SE
M
 
16
.0
1/
17
41
1 
– 
K
X
28
10
12
 
– 
K
X
28
09
94
 
Sg
30
 
1 
El
 Q
ue
so
, 
In
de
pe
nd
en
ce
 
B
ay
, R
es
er
va
 
N
ac
io
na
l D
e 
Pa
ra
ca
s, 
Pi
sc
o 
Pr
ov
in
ce
, I
ca
, 
Pe
ru
 
Au
la
co
m
ya
 
at
er
, 0
 m
 
M
ay
 2
01
0 
-1
4.
29
84
0 
-7
6.
11
51
2 
M
N
C
N
: 
A
D
N
 
86
85
1,
 
16
.0
1/
17
41
2 
– 
K
X
28
10
23
 
– 
K
X
28
09
92
 
Sg
31
 
1 
El
 Q
ue
so
, 
In
de
pe
nd
en
ce
 
B
ay
, R
es
er
va
 
N
ac
io
na
l D
e 
Pa
ra
ca
s, 
Pi
sc
o 
Pr
ov
in
ce
, I
ca
, 
Pe
ru
 
Au
la
co
m
ya
 
at
er
, 0
 m
 
M
ay
 2
01
0 
-1
4.
29
84
0 
-7
6.
11
51
2 
M
N
C
N
: 
A
D
N
 
86
85
2,
 
16
.0
1/
17
41
3 
– 
K
X
28
10
26
 
– 
K
X
28
09
93
 
Su
pp
le
m
en
ta
ry
 M
at
er
ia
l  
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
 C
h
ap
te
r 
1.
4!
!
!
22
1!
Sg
32
 
1 
M
ar
co
na
, I
ca
, 
Pe
ru
 
A
lg
ae
, 0
 m
 
13
 M
ay
 
20
10
 
-1
5.
39
94
04
 
-7
5.
14
14
42
 
M
N
C
N
: 
A
D
N
 
86
85
3,
 
16
.0
1/
17
41
4 
– 
K
X
28
10
19
 
K
X
28
09
57
 
K
X
28
09
96
 
Sg
33
 
1 
M
ar
co
na
, I
ca
, 
Pe
ru
 
A
lg
ae
, 0
 m
 
13
 M
ay
 
20
10
 
-1
5.
39
94
04
 
-7
5.
14
14
42
 
M
N
C
N
: 
A
D
N
 8
68
54
 
– 
K
X
28
10
18
 
K
X
28
09
56
 
K
X
28
09
95
 
L
in
ea
ge
 6
 
Si
ci
ly
, I
ta
ly
 
Sg
34
 
1 
W
es
te
rn
 c
oa
st
 o
f 
Si
ci
ly
 
Sa
be
lla
ri
a 
re
ef
s, 
0 
m
 
Ju
n 
20
13
 
37
.6
58
18
5 
12
.4
60
93
7 
M
N
C
N
 
16
.0
1/
17
41
5 
– 
– 
K
X
28
09
49
 
– 
Sg
35
 
1 
W
es
te
rn
 c
oa
st
 o
f 
Si
ci
ly
 
Sa
be
lla
ri
a 
re
ef
s, 
0 
m
 
Ju
n 
20
13
 
37
.6
58
18
5 
12
.4
60
93
7 
M
N
C
N
: 
A
D
N
 8
68
55
 
SE
M
 
16
.0
1/
17
41
6 
– 
K
X
28
10
13
 
K
X
28
09
48
 
K
X
28
10
02
 
Sg
36
 
1 
W
es
te
rn
 c
oa
st
 o
f 
Si
ci
ly
 
Sa
be
lla
ri
a 
re
ef
s, 
0 
m
 
Ju
n 
20
13
 
37
.6
58
18
5 
12
.4
60
93
7 
M
N
C
N
: 
A
D
N
 
86
85
6,
 
16
.0
1/
17
41
7 
– 
K
X
28
10
15
 
– 
K
X
28
10
01
 
L
in
ea
ge
 7
 
Sp
an
is
h 
N
E 
co
as
t a
nd
 
M
al
lo
rc
a 
Is
la
nd
 
Sg
37
 
1 
M
at
ar
ó,
 
B
ar
ce
lo
na
,  
Sp
ai
n 
A
lg
ae
, 0
 m
 
M
ar
 2
01
4 
41
.5
32
5 
2.
45
30
56
 
M
N
C
N
: 
A
D
N
 
86
85
7,
 
16
.0
1/
17
41
8 
– 
K
X
28
10
21
 
K
X
28
09
52
 
– 
Sg
38
 
1 
M
at
ar
ó,
 
B
ar
ce
lo
na
, S
pa
in
 
A
lg
ae
, 0
 m
 
M
ar
 2
01
4 
41
.5
32
5 
2.
45
30
56
 
M
N
C
N
: 
A
D
N
 
86
85
8,
 
16
.0
1/
17
41
9 
– 
K
X
28
10
20
 
K
X
28
09
51
 
– 
Sg
39
 
1 
El
 T
or
o 
Is
la
nd
, 
M
al
lo
rc
a,
 S
pa
in
 
C
la
do
co
ra
 
ce
sp
ito
sa
 a
nd
 
M
ir
ia
po
ra
 
sp
., 
12
 m
 
18
 Ju
n 
20
12
 
39
.4
89
1 
2.
48
09
 
M
N
C
N
: 
A
D
N
 
86
85
9,
 
16
.0
1/
17
42
0 
– 
K
X
28
10
22
 
K
X
28
09
50
 
– 
Su
pp
le
m
en
ta
ry
 M
at
er
ia
l  
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
 C
h
ap
te
r 
1.
4!
!
!
22
2!
L
in
ea
ge
 8
 
Sp
an
is
h 
N
W
 
an
d 
N
E 
co
as
ts
 
Sg
40
 
1 
G
al
ic
ia
, S
pa
in
 
– 
– 
42
.4
8 
-8
.9
01
38
9 
M
N
C
N
: 
A
D
N
 9
61
1 
– 
EF
12
38
76
 
EF
12
38
11
 
EF
12
37
78
 
Sg
41
 
1 
C
ap
 F
al
có
, 
G
iro
na
, S
pa
in
 
U
ni
de
nt
ifi
ed
 
sp
on
ge
, 4
 m
 
15
 S
ep
 
20
11
 
42
.4
33
33
3 
3.
17
47
22
 
M
N
C
N
: 
A
D
N
 
86
86
0,
 
16
.0
1/
17
42
1 
– 
K
X
28
10
17
 
K
X
28
09
53
 
K
X
28
09
97
 
Sg
42
 
1 
C
ap
 F
al
có
, 
G
iro
na
, S
pa
in
 
C
al
ca
re
ou
s 
al
ga
e,
 1
 m
 
15
 S
ep
 
20
11
 
42
.4
33
33
3 
3.
17
47
22
 
M
N
C
N
 
16
.0
1/
17
42
2 
– 
K
X
28
10
11
 
K
X
28
09
54
 
K
X
28
09
98
 
Sg
43
 
1 
C
ap
 d
e 
C
re
us
, 
G
iro
na
, S
pa
in
 
C
al
ca
re
ou
s 
al
ga
e,
 3
6 
m
 
16
 S
ep
 
20
11
 
42
.3
20
27
8 
3.
32
05
56
 
M
N
C
N
: 
A
D
N
 
86
86
1,
 
16
.0
1/
17
42
3 
– 
K
X
28
10
14
 
– 
K
X
28
10
00
 
Sg
44
 
1 
C
ap
 d
e 
C
re
us
, 
G
iro
na
, S
pa
in
 
C
al
ca
re
ou
s 
al
ga
e,
 3
6 
m
 
16
 S
ep
 
20
11
 
42
.3
20
27
8 
3.
32
05
56
 
M
N
C
N
: 
A
D
N
 8
68
62
 
SE
M
 
16
.0
1/
17
42
4 
– 
– 
K
X
28
09
55
 
K
X
28
09
99
 
  
!! 223!
CHAPTER  2 
 
Taxonomy, 
systematics and 
species delimitation 
in Trypanosyllis 
!!224!
!! 225!
Chapter 2.1 
 
 
Straightening the striped chaos: systematics 
and evolution of Trypanosyllis and the case 
of its pseudo-cryptic type species 
Trypanosyllis krohnii  
(Annelida, Syllidae) 
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Resumen 
Los miembros del género Trypanosyllis, son un grupo bien reconocido, distinguiendose 
por sus cuerpos aplanados dorsoventralmente y por la presencia de un trépano en la faringe. Sin 
embargo, las relaciones filogenéticas dentro del grupo aun siguen sin estar resueltas, 
especialmente con respecto a los géneros Eurysyllis y Xenosyllis, (morfológicamente similares). 
Para resolver este problema, se han analizado las relaciones filogenéticas de ejemplares 
recolectados en todo el mundo de Trypanosyllis y de 3 generos relacionados, utilizando diferentes 
marcadores moleculares. Demostramos que el género Trypanosyllis es parafilético e 
identificamos un clado de varias especies con coloración rallada, que previamente se habían 
considerado dentro de la misma especie, Trypanosyllis zebra. También se realza el error cometido 
durante años de considerar a T. zebra como especie tipo, en lugar de Trypanosyllis krohnii. 
Además demostramos que T. krohnii (interpretada como T. zebra por autores recientes), 
previamente considerada una especie cosmopolita, incluye al menos 7 especies crípticas y 
seudocrípticas, 5 de las cuales se describen detalladamente: T. kalkin sp. nov., T. 
californiensis sp. nov., T. luquei sp. nov., T. leivai sp. nov. y T. taboadai sp. 
nov. Finalmente, las especies Trypanedenta gemmipara y T. gigantea, anteriormente 
consideradas dentro de Trypanosyllis se transfieren al género Trypanedenta Imajima & 
Hartman, 1964 (nuevo estatus genérico), y la especie Pseudosyllis brevipennis 
(previamente T. coeliaca), se transfiere al género resurgido Pseudosyllis Grube, 1863. En 
general, nuestros resultados muestran un scenario de especiación complejo, con casos de 
especiación crípticas y seudocrípticas que corresponden a linajes geográficamente 
restringidos.
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Abstract 
All members of the syllid genus Trypanosyllis show distinctive flattened, ribbon-
like bodies and a pharynx armed with a trepan. However, the phylogenetic relationships 
within this genus remain unsettled, especially with respect to the genera Eurysyllis and 
Xenosyllis (morphologically similar). To resolve this systematic uncertainty, we analysed 
the phylogenetic relationships of worldwide sampling of specimens of Trypanosyllis and 
three related genera using multiple molecular markers. We show that the presently 
construed Trypanosyllis is paraphyletic and identify a clade of striped species, previously 
all considered to be T. zebra. We outline the case to consider Trypanosyllis krohnii as the 
type species of the genus, instead of T. zebra.  Trypanosyllis krohnii (interpreted as T. 
zebra by recent authors) was previously believed to be cosmopolitan but we show that it 
includes at least seven cryptic and pseudo-cryptic species, five of which are described 
herein: T. kalkin sp. nov., T. californiensis sp. nov., T. luquei sp. nov., T. leivai sp. nov. 
and T. taboadai sp. nov. In addition, two species, Trypanedenta gemmipara and T. 
gigantea, previously included in Trypanosyllis are here transferred 
to Trypanedenta Imajima & Hartman, 1964 (new generic status), and one, Pseudosyllis 
brevipennis (previously named T. coeliaca), is transferred to the resurrected 
genus Pseudosyllis Grube, 1863. Overall, our results show a complex scenario of 
speciation with cases of pseudo-cryptic species that correspond to geographically 
restricted lineages.
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Introduction 
Trypanosyllis Claparède, 1864 is a genus within Syllidae whose members are 
widely distributed in all oceans, mainly inhabiting algal mats and coral rubble (San 
Martín, 2003). A flattened, ribbon-like body and the presence of a muscular axial pharynx 
armed with a trepan—a chitinous inner lining forming a complete ring—characterize 
members of this taxon (San Martín, 2003). Even though the morphological features of 
Trypanosyllis have been previously studied, its phylogenetic position remains a matter of 
debate, and the handful of available studies have used molecular sequence data from only 
a few specimens to disentangle its relationships. While the first study recovered the genus 
as monophyletic (Aguado et al., 2007), more recent analyses by Aguado et al. (2012, 
2015) presented a tree where Trypanosyllis appeared paraphyletic, although only two 
Trypanosyllis species, T. coeliaca Claparède, 1868 and T. zebra (Grube, 1860), were 
included in these studies. Currently, Trypanosyllis comprises 32 species (WoRMS 
Editorial Board, 2015), some with limited distributions (e.g., Verrill, 1882; Potts, 1911; 
Day, 1960; Hartmann-Schröder, 1965; Nogueira & Fukuda, 2008), while others are 
apparently widely distributed across oceans (e.g., Imajima, 2003; San Martín, 2003; Çinar 
& Ergen, 2003; Çinar, 2007). Trypanosyllis krohnii Claparède, 1864 has been long been 
considered a synonym of the proposed type species, T. zebra. Trypanosyllis krohnii is 
characterised by having a colour pattern with two transverse violet to brown bands on 
each segment (Claparède, 1864) and falcigerous bidentate chaetae with dorso-ventral 
gradation in the length of the blades.  These features, similar to those of T. zebra, provided 
the grounds for the synonymy of both species (Langerhans, 1879) and since then, all 
authors have followed this synonymy and treated T. zebra as the type species of the genus. 
We show in this paper that this synonymy was an error and that T. krohnii is the correct 
type species. Since T. krohnii is the valid type species of the genus (see the morphological 
remarks of the species) the complex will be considered hereafter to belong within T. 
krohnii instead of T. zebra.  
For many years, Trypanosyllis krohnii has been reported from a variety of 
substrates and depths, with a worldwide distribution including the Mediterranean and Red 
Sea and the Atlantic, Indian and Pacific basins (San Martín, 1991; Núñez et al., 1992; 
San Martín, Hutchings & Aguado, 2008). Species with such a wide distribution are 
considered cosmopolitan (sensu Spellerberg & Sawyer, 1999). Cosmopolitan species are 
more common often among marine organisms with long-lived planktotrophic larvae, 
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since they may have a higher degree of connectivity among geographically distant 
populations (Sanford & Kelly, 2011) due to an apparent lack of dispersal barriers 
(Grosberg & Cunningham, 2001). However, many marine taxa that are considered to be 
cosmopolitan have been shown to be two or more morphologically indistinguishable 
cryptic species (e.g., Knowlton, 1993, 2000; Bickford et al., 2007). This apparent lack of 
defining morphological features occurs because speciation is not always accompanied by 
morphological changes. In addition, in some cases, even if there are slight morphological 
differences between two given populations, sometimes they are not distinguishable due 
to the state of sample preservation. In this sense, molecular tools are extremely helpful to 
test species boundaries and enable us to better quantify the real biodiversity and species 
distribution ranges in poorly known marine ecosystems (e.g., Knowlton, 2000; Witt et 
al., 2006; Bucklin et al., 2011; Carr et al., 2011; Ahrens et al., 2013). 
Cryptic speciation has been detected using molecular tools in many different 
marine groups, including sponges (e.g., Klautau et al., 1999; Xavier et al., 2010), 
molluscs (e.g., Calvo et al., 2009; Wilson et al., 2009; Kawauchi & Giribet, 2011), 
tunicates (e.g., Pérez-Portela et al., 2013), echinoderms (e.g., Hemery et al., 2012), and 
crustaceans (e.g., Held, 2003). In particular, among annelids, studies confirming large 
geographic ranges for putative cosmopolitan species are scarce (Staton & Rice, 1999; 
Westheide et al., 2003; Meyer et. al., 2008; Schüller & Hutchings, 2012; Kawauchi & 
Giribet, 2010, 2014), and in turn, strong geographical population structure is common 
(e.g., Barroso et al., 2010; Carr et al., 2011; Nygren & Pleijel 2011; Glasby et al., 2013; 
Borda et al., 2013; Stiller et al., 2013; Nygren, 2014). Surprisingly, even though syllids 
are a diverse and abundant annelid clade, studies documenting cryptic speciation and/or 
cosmopolitanism are scarce (Westheide & Haß-Cordes, 2001). Among syllids, the 
distinctive striped colouration of Trypanosyllis krohnii around the world has made it 
prone to be considered a cosmopolitan species (San Martín, 1991; Núñez et al., 1992; 
San Martín et al., 2008), although many authors have noted that they may include more 
than one species (e.g., Núñez et al., 1992; San Martín et al., 2003; Nogueira & Fukuda, 
2008; San Martín et al., 2008). In this sense, the case of T. krohnii appears as an ideal 
example to study species boundaries in this diverse and abundant group of annelids. 
In our study we aim to assess the monophyly of Trypanosyllis, including the 
analysis of the closely related genera Eurysyllis, Plakosyllis and Xenosyllis, with a 
multilocus dataset (two mitochondrial and two nuclear markers) for 101 specimens, 
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including 92 new specimens collected around the world. In addition, we investigate the 
problem of the striped-colouring in the Trypanosyllis krohnii species complex and 
provide morphological evidence for the differentiation of possible cryptic species. 
 
Material and Methods 
Sampling and morphological examination 
Specimens were collected in biological surveys between 2010 and 2014 by hand, 
snorkelling or using SCUBA diving, in algae and rocks from intertidal and subtidal zones 
in each location (Table 1). Catalogue numbers, locality information, coordinates, 
substrates, and collecting dates are provided in the taxonomic section and in Table 1. 
Prior to fixation, selected specimens were anesthetised with 7% magnesium chloride in 
fresh water and photographed under a microscope. All specimens included in the study 
were later fixed and preserved in 96% ethanol, both for morphological and molecular 
analyses. Further examination and identification was completed under a Nikon Optiphot 
light microscope with a differential interference contrast system (Nomarsky) at the 
Universidad Autónoma de Madrid (UAM). Using light microscopy, drawings were made 
to scale with a camera lucida attached to a Nikon Optiphot microscope. Width of 
specimens was measured at the level of the proventricle, excluding the parapodia. 
For scanning electron microscopy, selected specimens were prepared on an 
Emitech K850 Critical Point Dryer, gold-coated with a Q150T-S Turbo-Pumper Sputter 
Coater and examined with a Hitachi S-3000N SEM at the Servicio Interdepartamental de 
Investigación (SIDI) of the UAM.  
Type material of Trypanosyllis luzonensis (Pillai, 1965) comb. nov. was loaned 
from The Natural History Museum, London (NHM). Comparative material from the type 
locality of T. ingens Johnson, 1902 and type material of T. intermedia Moore, 1909 was 
loaned from the Invertebrate Zoology Collection of the California Academy of Science 
(CAS-IZ), respectively. Comparative material of T. coeliaca and T. zebra from the 
Adriatic was loaned from the Museum für Naturkunde, Berlin (ZMB). Most of the T. 
luzonensis comb. nov. specimens were loaned from the Australian Museum (AM). All 
the newly-collected specimens were deposited at the Museo Nacional de Ciencias 
Naturales, Madrid (MNCN), Museum of Comparative Zoology, Harvard University, 
Trypanosyllis krohnii species complex                                              Chapter 2.1!
!232!
Cambridge (MZC), and Scripps Institution of Oceanography Benthic Invertebrate 
Collection, La Jolla (SIO). Catalogue numbers are listed in Table 1.  
 
Molecular analyses 
Genomic DNA was extracted from 92 individuals of Trypanosyllis, Eurysyllis, 
Plakosyllis, Xenosyllis, and outgroups of Syllis and Parahaplosyllis (Table 1), using the 
DNeasy Blood & Tissue Kit (Qiagen), following manufacturer’s protocols. Fragments of 
the nuclear genes 28S rRNA (531 bp) and 18S rRNA (1,800 bp), and the mitochondrial 
16S rRNA (470 bp) and cytochrome c oxidase subunit I (COI, 650 bp) were PCR-
amplified. Primers 28Sa and 28Srd5b (Edgecombe & Giribet, 2006) were used to amplify 
the 28S rRNA fragment. For 18S rRNA, three overlapping pairs of primers were used: 
18S1F-18S4R, 18S3F-18Sbi and 18Sa2.0-18S9R (Giribet et al., 1996; Whiting et al., 
1997). Primers 16SarL and 16SbrH (Palumbi, 1996) were used to amplify 16S rRNA and 
the modified primers with inosine jgLCO1490 and jgHCO2198 (Geller et al., 2013) were 
employed to amplify COI in all specimens.  
PCR reactions and temperature profiles to amplify each marker were the same as 
those describe in chapter 1.4. The programs used for Sequences editing and alignments 
were alsothe same as those described in chapter 1.4. 
 
Phylogenetic analysis  
In order to assess the monophyly of Trypanosyllis, we analyzed the 4 molecular 
markers available for 81 specimens traditionally considered Trypanosyllis and 13 
specimens of the closely related genera Eurysyllis, Plakosyllis and Xenosyllis. Sequences 
(7) of Parahaplosyllis brevicirra Hartmann-Schröder, 1990 from GenBank and newly 
sequenced specimens of Parahaplosyllis kumpol Álvarez-Campos, San Martín & 
Aguado, 2013, Syllis amica Quatrefages, 1866, S. bella Chamberlin, 1919, S. 
columbretensis (Campoy, 1982), and S. gerundensis (Alós & Campoy, 1981) were used 
as outgroups (Table 1). All mitochondrial and nuclear datasets were concatenated. 
Selection of the best-fit model of sequence evolution was done as described in chapter 
1.4.  Both ML and BI analyses were run as is described in chapter 1.4.  
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Species delimitation analysis 
Species delimitation is the process by which species boundaries are determined 
and new species are described. The current analytical methods that use molecular data for 
delimitation are based on the phylogenetic species concept: ‘a species is the smallest 
diagnosable cluster of individual organisms within which there is a parental pattern of 
ancestry and descent’ (Cracraft, 1983). Therefore, species should be monophyletic in 
terms of its component genes, organisms, and/or subpopulations (de Queiroz, 2007). 
In order to test whether Trypanosyllis krohnii was a species complex, we analysed 
our COI and 16S rRNA dataset for all the putative T. krohnii specimens with the same 
methods (PTP, and GMYC) described in chapter 1.4. In addition, the PTP analysis was 
used to analyze our concatenated nuclear and mitochondrial genes.  
Genetic distances between and within clades were calculated calculated also as is 
described in chapter 1.4. using Kimura’s 2-parameter (K2P) model (Kimura, 1980), 
including transitions and transversions, with uniform rates among sites, a pairwise 
deletion of gaps, and 500 bootstrap replicates to estimate the variance on the COI and 16S 
rRNA sequences using MEGA 5.2.2 (Tamura et al., 2011). In addition, we calculated the 
barcoding gap in the COI dataset (Meyer & Paulay, 2005) within the clades defined by 
PTP and GMYC analyses using the furthest intraspecific distance among its own species 
and the closest, non-conspecific (interspecific) distance, calculated with K2P model using 
the R package SPIDER (Brown et al. 2012). 
 
Results 
Phylogenetic reconstruction 
Final alignments were comprised of partial sequences of the nuclear genes 28S 
rRNA (371 bp) and 18S rRNA (1398 bp), and the mitochondrial 16S rRNA (430 bp) and 
cytochrome c oxidase subunit I (COI, 623 bp) from 101 specimens. Both ML and BI 
analyses of the four concatenated genes agreed on the paraphyly of Trypanosyllis, as 
Eurysyllis, Plakosyllis and Xenosyllis appeared nested within Trypanosyllis sensu lato 
(Figs 1, 2). There were also differences between the topologies recovered in both 
analyses. In particular, two different well-supported clades (A and B) of species 
previously considered within Trypanosyllis sensu lato appeared more related to 
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Eurysyllis, Plakosyllis and Xenosyllis than to other Trypanosyllis in BI analyses, whereas 
only clade B was closely related with them in the ML analysis. Clade A was composed 
of Trypanosyllis coeliaca, while T. gigantea and T. gemmipara belong to clade B (Figs 
1, 2). As a consequence, these two clades were named by resurrecting previously 
synonymised genera and re-delimiting Trypanosyllis sensu stricto (= s.s.) (BS = 100%, 
PP = 1.00), which is here re-diagnosed (see morphological examination section 3.3). 
Clade A is therefore referred to here as Pseudosyllis Grube, 1863 and clade B as 
Trypanedenta Imajima & Hartman, 1964 (see below). 
Major differences among topologies reconstructed by ML and BI were related to 
the relationships between Pseudosyllis, Trypanedenta and Trypanosyllis  (Figs 1, 2). The 
topology of the maximum clade credibility tree generated by the BI analysis showed two 
major, well-supported groups (Fig. 1): one clade including Eurysyllis, Plakosyllis, 
Xenosyllis, Pseudosyllis and Trypanedenta and the second major clade only containing 
the genus Trypanosyllis s.s. In contrast, the ML results showed Pseudosyllis as the sister 
group to the other species in the ingroup, which comprised a well-supported clade 
including the genera Eurysyllis, Plakosyllis and Xenosyllis, and a clade including 
Trypanedenta as sister group to Trypanosyllis, although the relationships among them 
received low support values (Fig. 2).  
Resolution within the newly delineated Trypanosyllis includes two main clades that are 
well supported both in the BI and ML topologies (Figs 1, 2). These two clades are T. 
luzonensis comb. nov. (previously considered to be within the striped-coloured complex) 
and the large clade containing the T. krohnii complex. The relationship between  T. aeolis 
and the remaining Trypanosyllis differed between the BI and ML trees. An unidentified 
Trypanosyllis, labelled as Trypanosyllis sp. 1, was more closely related to T. luzonensis 
comb. nov. in both analyses. Within T. luzonensis comb. nov., we found several nodes 
that were strongly supported. With respect to the T. krohnii species complex, ML and BI 
topologies recovered slightly different internal topologies. We found 12 main 
geographical clades that receive a pp > 0.95 within this species complex, namely: (a) a 
New Zealand clade, (b) an Australian clade (see discussion section), (c-d) two clades 
from San Diego, California, (e) a clade containing specimens from the Philippines plus 
one from Western Australia (see discussion section), (f) a clade with individuals from 
Northern Brazil and Australia, (g) a Chilean (Las Cruces) clade, (h) a clade restricted to  
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Figure 1. Maximum clade credibility tree from concatenated, partitioned Bayesian analysis of all genetic data 
(28S rRNA, 18S rRNA, 16S rRNA, and COI) showing the phylogenetic relationships between Eurysyllis, 
Xenosyllis, Plakosyllis and Trypanosyllis sensu lato. Numbers over branches indicate posterior probabilities 
support values (only PP >0.90 are indicated); red circles indicate a PP value of 1.00. The 23 specimens of T. 
luzonensis comb. nov. are abbreviated as Tluzo1–Tluzo23. The 46 specimens of T. krohnii sensu lato are 
abbreviated as Tk1–Tk46.  
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Figure 2. Phylogenetic relationships of Eurysyllis, Xenosyllis, Plakosyllis and Trypanosyllis sensu lato inferred 
from the Maximum likelihood analysis of the four concatenated genetic markers (18S rRNA, 28S rRNA, 16S 
rRNA, and COI). Numbers above branches indicate bootstrap support values (only BS >50% are indicated); red 
circles indicate a BS value of 100%. The 23 specimens of T. luzonensis comb. nov. are abbreviated as Tluzo1–
Tluzo23. The 46 specimens of T. krohnii sensu lato are abbreviated as Tk1–Tk46. 
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the Gulf of Lion (North-Western Mediterranean), (i) one clade appearing in the Gulf of Lion 
and the North-Western coast of Spain, (j) a clade from Crete, and (k-l) two Pacific clades 
containing individuals from Hawaii and the Philippines (Figs 1, 2). The remaining specimens 
from Southern Brazil and Australia (Tk12, Tk44–Tk46) were not placed in any of the former 
clades (Figs 1, 2). The clade that appears restricted to the Gulf of Lion (Fig. 1, 2) included 
specimens from the type locality of T. krohnii (Port–Vendres, France; Claparède, 1864), the 
type species of Trypanosyllis, and they agreed morphologically and ecologically with the 
original description of the species. 
 
Species delimitation in the Trypanosyllis krohnii species complex 
The PTP and GMYC analyses of the mitochondrial marker COI for 38 specimens of 
the Trypanosyllis krohnii species complex identified 7–9 lineages (Fig. 3A), although only 7 
of them presented a posterior probability >0.95 (Fig. 3A): one lineage from Philippines 
(Lineage 1), two lineages from San Diego, CA (Lineages 2 and 3), one from Chile (Lineage 
4), one from New Zealand (Lineage 5), one from the Gulf of Lion (lineage 6), and one from 
the Gulf of Lion and the North-Western coast of Spain (Lineage 7). The PTP and GMYC 
analyses of the 16S rRNA for 29 specimens of the complex identified 6–8 lineages (Fig. 3B), 
all of them showing a posterior probability >0.95 (Fig. 3B). Five lineages corresponded to 
the same lineages detected in the COI analyses (Fig. 3A, B: Lineages 1, 3, 5–7), and three 
more lineages that included specimens from Philippines (Lineage 8), Hawaii and Philippines 
(Lineage 9), and Australia and Brazil (Lineage 10). Lineage 2 from the COI analyses (Fig. 
3A) was not detected in the 16S rRNA analyses since none of the specimens from the lineage 
were sequenced for the 16S rRNA. Similarly, lineage 4 from COI (Fig. 3A) was not detected 
either since only presented one specimen was sequenced for 16S rRNA. We detected some 
incongruence between the PTP and the GMYC-supported lineages and also among the 
variants within the GMYC analyses for both mitochondrial genes (Fig. 3A, B). The S variant 
of GMYC used for the COI marker recognised 9 lineages, although two of them are 
unsupported, with a posterior probability > 0.95 (Fig. 3A). However, the M variant of GMYC 
for the same gene presented 7 well-supported lineages, which agreed with the PTP analysis 
(Fig. 3A). The S variant of GMYC for the 16S rRNA found 8 well-supported lineages, 
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Figure 3. Pseudo-cryptic speciation within Trypanosyllis khronii sensu lato obtained from mitochondrial genes. 
A, Bayesian COI ultrametric gene tree with posterior probabilities (>0.95) on each node. Vertical thick lines 
indicate the putative species delineated with GMYC and PTP methods. GMYC results include the single-
threshold (S) and multiple-threshold (M) variants of the method. Grey thick lines indicate discordant results 
relative to the specimens included in each lineage by the different methods. B, Bayesian 16S rRNA ultrametric 
gene tree with posterior probabilities (>0.95) on each node. Vertical thick lines indicate the putative species 
delineated with GMYC and PTP methods for the mitochondrial gen. GMYC results include the single-threshold 
(S) and multiple-threshold (M) variants of the method. Note that red branches indicate the well-supported 
(>0.90) lineages found in the species delimitation analyses of Fig. 3A, B. C, Graphic representation of the 
barcoding gap existing between the infraspecific (red) and interspecific (green) genetic distances in the seven 
lineages obtained from the species delimitation analyses for COI (Fig. 3A) within T. krohnii species complex.  
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whereas the M variant and the PTP results obtained 7 and 6 well-supported lineages, 
respectively (Fig. 3B). In addition,there were also differences between the M variant of 
GMYC and the PTP analysis of the COI with respect to the number of specimens contained 
in some of the lineages. In the M variant of GMYC, lineage 1 contained only 4 specimens 
(Tk13, Tk16, Tk19 and Tk21), whereas PTP included also Tk14 (Fig. 3A). Likewise, in 
lineage 5 the GMYC analysis grouped three specimens (Tk1, Tk4, Tk5) but only two were 
grouped by PTP (Tk4, Tk5) (see discussion section and Fig. 3A). With regard to the 16S 
rRNA analyses, all the lineages contained the same specimens for all the analyses (Fig. 3B). 
Finally, the PTP analysis of the concatenated nuclear and mitochondrial dataset for the 46 
specimens identified 10 lineages within the complex (Fig. 4). These 10 lineages corresponded 
to 10 of the 12 clades outlined by the phylogenetic analyses (Figs 1, 2). Our morphological 
examination of all the specimens (see remarks below) could only reconcile 6 of the lineages 
found by all the species delimitation analyses as species, lineages 1–5 and lineage 7 (Figs 3, 
4). Therefore, we only considered these 6 lineages as valid species (Fig. 4), although further 
molecular studies should be conducted in order to test the real diversity of the complex. One 
of these represents the type species of Trypanosyllis, T. krohnii, which is redescribed herein, 
and the other five are described as new species (see taxonomic results). The other four 
lineages identified within the complex (lineage 6, 8–10) did not present any distinctive 
morphological features to be taxonomically named. 
The K2P genetic distances for the COI dataset of all the lineages identified by the 
species delimitation analyses were similar among sister species of Trypanosyllis s.s., ranging 
from 17.2% ± 1.8 to 27.5% ± 2.7 (lower left side of Table 2). In addition, a barcode gap was 
detected among the interspecific and intraspecific distances of the 7 widely supported 
lineages of the T. krohnii species complex (Fig. 3C) found in the all species delimitation 
analyses of COI (Fig. 3A). However, species living in close proximity (lineages 2 and 3 from 
San Diego and 6 and 7 from the Gulf of Lion) showed lower genetic distances for COI than 
the remaining species, ranging from 13.9% ± 1.7 to 14.9% ± 1.8 (lower left side of Table 2). 
The lowest genetic distance of COI appeared between the lineages 8 and 9 (10.5% ± 1.6), 
which also shared their distribution area (Philippines), except for the specimen Tk 39 that 
was collected in Hawaii (Table 2). The K2P genetic distances of the 16S rRNA were also 
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similar between the species within the complex, ranging from 15.7% ± 2.4 to 34.3% ± 4.1 
(upper right side of Table 2). In this case, the lowest distances (Table 2) appeared again  
among lineages 8 and 9 (8.0 ± 1.5) and lineages 6 and 7 (7.2 ± 1.4). Although lineages 6 and 
7 showed overlapping distributions, both were clearly distinguishable not only by 
morphological features (see section 3.3), but also by ecological factors such as bathymetric 
range and substrate (Tables 1 and 3). Trypanosyllis krohnii (lineage 7) appeared on mussels 
from the infralittoral zone (0 to 16 m depth), whereas lineage 6 inhabits gorgonian species in 
deeper waters of the circalittoral zone, down to 36–40 m (see collection data below, Tables 
1 and 3).  
 
 
Figure 4. Pseudo-cryptic speciation within Trypanosyllis sensu lato obtained from the concatenated dataset of 
nuclear and mitochondrial genes (28S rRNA, 18S rRNA, 16S rRNA, and COI). A, Bayesian gene tree with 
posterior probabilities (>0.90) on each node. Red branches indicate the well-supported (>0.90) lineages found 
in the species delimitation analyses. B, World map showing the location of the new pseudo-cryptic species 
(microscope pictures of ethanol fixed material) recovered after the species delimitation analysis. Neotype of T. 
krohnii (MNCN/ADN 9623), holotypes of T. taboadai sp. nov. (MNCN 16.01/16087), T. luquei sp. nov. (SIO 
A5005), T. leivai sp. nov. (MNCN 16.01/16082), T. californiensis sp. nov. (SIO A5008) and T. kalkin sp. nov. 
(MNCN 16.01/16058), are shown. 
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Figure 5. Maximum clade credibility tree from concatenated, partitioned Bayesian analysis of all genetic data 
(28S rRNA, 18S rRNA, 16S rRNA, and COI) showing the phylogenetic relationships between Eurysyllis, 
Xenosyllis, Plakosyllis, the new assigned Pseudosyllis, Trypanedenta and the new organised Trypanosyllis 
sensu stricto. Numbers above branches indicate posterior probabilities support values (only PP >0.9 are 
indicated); red circles indicate PP value of 1.00. The 23 specimens of T. luzonensis comb. nov. are abbreviated 
as Tluzo1–Tluzo23. The 46 specimens of T. krohnii sensu lato are abbreviated as Tk1zo1–Tluzo23. The 46 
specimens of 0. The 23 specimens of PP  all genetic data (supported (>0.90) lineages found in the artín 2003), 
except the one of the genus Trypanedenta which was originally created by the authors. 
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In the case of the sympatric lineages from San Diego, the differences found between lineage 
2 (T. luquei sp. nov.) and lineage 3 (T. californiensis sp. nov.) were both morphological (see 
section 3.3) and ecological, including substrate type (Table 3). While T. californiensis sp. 
nov. was collected from algae, T. luquei sp. nov. was only observed on bryozoans (see 
collection data below and Tables 1 and 3). 
 
Taxonomy 
Our molecular analyses (Figs 1, 2) combined with morphological examination (see 
below) suggested six different clades that were assigned the status of genera: the previously 
described genera Eurysyllis, Xenosyllis and Plakosyllis, the newly reorganised Trypanosyllis, 
and the resurrected Pseudosyllis Grube, 1863 and Trypanedenta Imajima & Hartman, 1964 
(Fig. 5). Pseudosyllis was originally described as a monotypic genus containing Pseudosyllis 
brevipennis Grube 1863, later synonymised with Trypanosyllis coeliaca Claparède, 1868 by 
San Martín (2003). Our results now show that the former T. coeliaca does not belong to 
Trypanosyllis and it is here considered a junior synonym of P. brevipennis following the 
priority rules of the International Code of Zoological Nomenclature (ICZN). Pseudosyllis 
brevipennis is characterised by its small body size and short unpigmented cirri (Figs 6A–D, 
7). Interestingly, P. brevipennis was found to be morphologically more similar to species of 
Eurysyllis, Plakosyllis and Xenosyllis than to those of Trypanosyllis. Since the type material 
of P. brevipennis is lost, a neotype from the type locality is designated herein (ZMB 7978), 
although that specimen could not be sequenced, as it was originally preserved in formalin. In 
addition, the newly assigned genus Trypanedenta contained two species that share a 
reproductive strategy based on producing several stolons, as well as the presence of chaetae 
with few or no spines on the margin (Fig. 6E–I), as opposed to other genera with many spines. 
Trypanosyllis gemmipara Johnson, 1901 and Trypanosyllis gigantea (McIntosh, 1885) are 
now included in Trypanedenta Imajima & Hartman, 1964 as Trypanedenta gemmipara 
comb. nov. and Trypanedenta gigantea comb. nov. (Figs 6E–I, 8, 9).  
Based on the results from both phylogenetic and species delimitation analyses and 
assessing differences in morphological and ecological features, we conclude that 
Trypanosyllis krohnii is not a cosmopolitan species, but instead a complex of pseudo-cryptic 
Trypanosyllis krohnii species complex                                                  Chapter 2.1!
!
 
243!
species. Here we illustrate the recognised pseudo-cryptic species found within the 
Trypanosyllis krohnii complex based on specimens collected around the world (Figs 3, 4, 5, 
10). Furthermore, a neotype and a re-description of the type species of the genus are provided 
in order to resolve the taxonomic confusion related with its status (see below). Although 
chaetae have been considered one of the key characters to identify syllid species, variations 
in the morphology of chaetae among these seven Trypanosyllis species did not match the 
clades defined by our molecular data. Despite the lack of differences in chaetal morphology, 
presence of colour polymorphism (only observable in well preserved specimens), as well as 
differences in body width, length of cirri, and habitat choice, have been observed in these 
seven lineages (Figs 4B, 10).  
The five new species are named and described here, and Trypanosyllis krohnii s.s. is 
re-described and a type designated following the requirements of the ICZN. It is important 
to note that the holotype of each of the five newly described species and the neotype of the 
newly collected specimen of T. krohnii s.s. are incomplete; some segments were used for 
DNA sequencing. Using specimens for which molecular data are available as primary types 
and was done following the advice from a member of the International Commission on 
Zoological Nomenclature (Dr. M.A. Alonso-Zarazaga). A summary of the morphological 
differences found between our new species and all the other striped Trypanosyllis species 
described so far is provided in Table 3. 
 
 
Genus Pseudosyllis Grube, 1863 
 
Pseudosyllis Grube, 1863: 44. 
Trypanosyllis Claparède, 1864 (partim) 
Type species: Pseudosyllis brevipennis Grube, 1863 
 
Pseudosyllis brevipennis Grube, 1863 
Figs. 6A–D, 7 
Trypanosyllis coeliaca Claparède, 1868; San Martín, 2003. 
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Material examined. Type specimens. Neotype. ROVIGNO, CROATIA (45.066667, 13.616667): one 
specimen mounted on a slide (ZMB 797), 1912, Coll. Heider (Figs 6A–B). Other specimens.  
ROVIGNO, CROATIA: two specimens mounted on slides (ZMB 7978a, ZMB 7978b), collection 
details as for the neotype.  SPAIN, CATALONIA: 1 specimen in 96% EtOH (MNCN/ADN 9622), 
Port de la Selva (42.3375, 3.203333), Posidonia oceanica, 10 m, 21 Sept. 2004, no collector data; 2 
specimens in 96% EtOH (MNCN 16.01/16041, 16176), Barcelona, Mataró (41.5325, 2.453056), 
intertidal algae, Mar. 2014, leg. M. Ballesteros; 1 specimen mounted for SEM (MNCN 16.01/16177) 
Girona, Cap Falcó (42.433333, 3.174722), calcareous algae, 15 Sep. 2011, leg. G. San Martín (Figs 
5C–D, 8). SPAIN, ALBORÁN SEA: 1 specimen in 96% EtOH (MNCN 16.01/16040), (42.433333, 
3.174722), algae, 42-48 m, 21 Sept 2011, Leg. A. Luque and Alborán-INDEMARES Oceanographic 
Campaign collecting team; 1 specimen in 10% formalin buffered in seawater (MNCN 16.01/16178), 
(35.983333, -2.916667), calcareous algae, 68–70 m, 24 Sep. 2011, Leg. A. Luque and Alborán-
INDEMARES Oceanographic Campaign collecting team; 1 specimen in 10% formalin buffered in 
seawater (MNCN 16.01/16079), (35.878667, -3.077833), calcareous algae, 96–100 m, Leg. A. Luque 
and Alborán-INDEMARES Oceanographic Campaign collecting team. 
Diagnosis. Body of medium to small size (up to about 12 mm long) without colour pattern. 
Short appendages, relatively thick, with few articles (Figs 6A, 7A). Bidentate chaetae with 
similar teeth; with spines along margin, distal-most spines reaching the distal-most tooth 
(Figs 6B–D, 7B). Proventricle shorter than pharynx, occupying 2 to 3 segments (Fig. 6A). 
Reproduction by single tetraglene stolon (San Martín, 2003).  
Description. Neotype, complete specimen: 5 mm long, 0.5 mm wide, 51 chaetigers, without 
distinct colour pattern (Fig. 6A). Oval prostomium with two pairs of eyes in trapezoidal 
arrangement, anterior ones slightly larger (Figs 6A, 7A); antennae originating on anterior 
margin of prostomium; long median antenna with about 8 articles; lateral antennae shorter, 
with about 6 articles. Oval palps shorter, completely separate. Nuchal organs as two densely 
ciliated semicircular areas, surrounding prostomial lobes (Fig. 7A). Segment 1 slightly 
smaller than subsequent segments; dorsal enlarged anterior cirri similar in length to antennae, 
with 8–9 articles; ventral ones shorter with 4–6 articles. Dorsal cirri similar in length to 
median antenna, with 7–8 articles (Figs 6A, 7A). Anterior segments with two rows of cilia, 
reaching cirrophores (Fig. 7A). About 10–12 compound bidentate, heterogomph falcigers in 
anterior and midbody segments, and 7–8 in posterior parapodia. All compound chaetae 
morphologically similar throughout body, bidentate, with distal tooth slightly larger than  
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Figure 6. Morphological features of species from the genera Pseudosyllis and Trypanedenta. A, Light 
microscopy picture of Pseudosyllis brevipennis Neotype (ZMB 7978) anterior part, arrows pointing the trepan 
(t) and proventricle (p). B, Light microscopy picture of P. brevipennis Neotype midbody chaetae showing the 
distal spines (arrow). C, Light microscopy picture of P. brevipennis (MNCN 16.01/16177) posterior chaetae 
showing the distal spines (arrow). D, SEM micrographs of P. brevipennis midbody chaetae (MNCN 
16.01/16176). E, Light microscopy picture of Trypanedenta gemmipara comb. nov. anterior part (MNCN 
16.01/16042). F, SEM micrographs of the posterior chaetae of T. gemmipara comb. nov. (MNCN 
16.01/16043) G, Light microscopy picture of a complete specimen (SIO A2948) Trypanedenta gigantea 
comb. nov. showing a chain of stolon (sc) in posterior part. H, Detached mature stolon of T. gigantea comb. 
nov. (SIO A3211). I, SEM micrographs of the posterior chaetae of T. gigantea comb. nov. (MNCN 
16.01/16508). 
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Figure 7. Scanning electron micrographs of Pseudosyllis brevipennis (MNCN 16.01/16177). A, anterior part. 
B, midbody chaetae. C, midbody aciculae. The arrows pointing the nuchal organs (no) and ciliary rows (cr). 
 
proximal one, and spines along margin, most distal ones larger and reaching distal tooth (Figs 
6B–D, 7B). All parapodia with two protruding, acuminate and thick aciculae (Fig. 7C). 
Dorsal and ventral simple chaetae not seen. Pharynx through about 6 segments, with an 
anterior tooth and a trepan with 8–10 small teeth (Fig. 6A). Proventricle through 3 segments, 
with about 22 muscle cell rows (Fig. 6A). Reproduction by a single cephalous stolon with 
two pairs of eyes. 
Remarks. San Martín (2003) considered that Trypanosyllis coeliaca Claparède, 1868 (type-
locality, Naples, W Mediterranean) and Pseudosyllis brevipennis Grube, 1863 (type-locality: 
Adriatic Sea) were synonymous species. Although the author noted that Pseusosyllis Grube, 
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1863 had priority over Trypanosyllis Claparède, 1864, he considered Pseudosyllis as a nomen 
dubium, and therefore the species was named as Trypanosyllis coeliaca for stability purposes 
(see remarks in San Martín (2003)). Our study shows that T. coeliaca, as traditionally 
considered, belongs to a different genus, more closely related to the genera Xenosyllis, 
Eurysyllis and Plakosyllis (Figs 1, 2, 5). These results agree with the morphological features 
since all species included in these four genera share a small body size, short cirri and 
proventricle, and a trepan with minute teeth, except Xenosyllis whose trepan was secondarily 
lost. In addition, the species presented a large spine on the chaetae margin, unique compared 
to other species of Trypanosyllis. Therefore, we reinstate Pseudosyllis (following ICZN 
requirements) to include the former Trypanosyllis coeliaca, which then should be considered 
Pseudosyllis brevipennis, the type and unique species of the genus. One of the specimens 
examined from the Museum für Naturkunde (Berlin) from the type locality (Croatia) agrees 
with the characters described by Grube (1863) and also in the morphological features 
examined in our specimens. Since the type material is lost, we have designated a neotype for 
the species (ZMB 7978), but further molecular studies are required to test if the specimens 
collected in the Spanish coasts are the same species as the specimens from the type locality. 
The other two specimens examined from the ZMB, identified as Trypanosyllis coeliaca 
(slides ZMB 7978a and ZMB 7978b), belonging to the same locality, might represent a 
different species since they have shorter chaetae with a minute proximal tooth and without 
spines on the margin. Nevertheless, they also share some of the morphological characters 
defined for Pseudosyllis species so it will be necessary to sequence and compare specimens 
of these two morphotypes from Croatia to assess if they are different species. In addition, in 
order to check the status of Trypanosyllis coeliaca, further molecular studies are required 
including material from Naples (type locality). Although Pseudosyllis is currently 
monotypic, there are also other species traditionally considered within Trypanosyllis that 
could also belong to Pseudosyllis, since they share the synapomorphies identified for the 
group. This is the case for T. parvidentata Perkins, 1981 from Florida (Perkins, 1981) and T. 
microdenticulata Salcedo-Oropeza, San Martín & Solís-Weiss, 2011, from the southern 
Mexican Pacific coast (Salcedo-Oropeza et al., 2011). Further molecular analyses are still 
needed in order to test whether T. parvidentata and T. microdenticulata are more closely 
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related to P. brevipennis than to species within Trypanosyllis and therefore to establish the 
status of P. brevipennis sensu stricto.   
Type locality. Rovigno, Croatia (Adriatic Sea). 
Distribution. Mediterranean Sea. 
 
 
Genus Trypanedenta Imajima & Hartman, 1964 
Figs 6EA, 8, 9 
Trypanosyllis (Trypanedenta) Imajima & Hartman: 125. 
Trypanosyllis Claparède, 1864 (partim) 
Type species: Trypanosyllis gemmipara Johnson, 1901 
 
Diagnosis. Body variable in size, from 7 mm to more than 80 mm length and from 1 mm to 
5 mm wide, with uniform yellowish colouration (Figs 6E, G). Unidentate or bidentate 
chaetae, without serration in margin or with a few, minute spines (Fig. 6F, I). Reproduction 
by clusters of several simultaneous tetraglene stolons (Fig. 6G, H).  
Remarks. Trypanedenta was considered a subgenus of Trypanosyllis, because of the lack of 
a middorsal tooth in the pharynx (Imajima & Hartman, 1964). Our study concluded that 
Trypanedenta Imajima and Hartman, 1964 should be raised to the genus level, although the 
synapomorphies for the group require re-evaluation of pharyngeal teeth during ontogeny 
(San Martín, 2003). Indeed, the type of reproduction, which differs from that in the other 
genera analysed, seems to be one of the most important features to differentiate this genus 
from the remainder genera. Both species included in the genus, Trypanedenta gemmipara 
comb. nov. and T. gigantea comb. nov., present more than one stolon during their 
reproductive stages. The former develops a cluster of stolons (Johnson, 1901; Imajima & 
Hartman, 1964; Imajima, 1966), whereas the later shows a chain of stolons (first report, this 
paper; Fig. 6G).  Another character that seems to be important for the diagnosis of the genus 
is the presence of chaetae with a only few small spines on the margin (T. gigantea comb. 
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nov.) or none (T. gemmipara comb. nov.) (Figs 6F, I, 8E–F, 9F–H). Further molecular studies 
are required to assess if other species currently included within Trypanosyllis, presenting 
similar chaetae and more than one stolon during their reproductive stage, actually belong to 
Trypanedenta. That may be the case for T. ingens Johnson 1902, T. sanmartini Çinar, 2007, 
and T. auranticus Nogueira & Fukuda, 2008 (Johnson, 1902; one stolon d Nogueira & 
Fukuda, 2008). In addition, budding of numerous simultaneous stolons has been also 
observed in Trypanobia asterobia Okada, 1933, but the relationship between the recently 
resurrected genus Trypanobia Imajima & Hartman, 1964 (Aguado et al., 2015) and 
Trypanedenta comb. nov.  needs further studies. 
Distribution. Cosmopolitan. 
 
Genus Trypanedenta gemmipara (Johnson, 1901) comb. nov. 
Figs 6E, F, 8 
Trypanosyllis gemmipara Johnson, 1901. 
Trypanosyllis (Trypanedenta) gemmipara Imajima & Hartman (1964). 
Trypanosyllis misakiensis Izuka, 1906; Fauvel (1932); Uschakov (1955). 
 
Material examined. NEW ZEALAND. Cavalli Islands (-36.834167, 174.771389): 2 specimens in 
96% EtOH (MNCN 16.01/16042–16043), one of them mounted for SEM (MNCN 16.01/16043), 
Rainbow Warrior wreck, 25 m, 1 Feb 2012, leg. G. San Martín and Project CGL2009-12292 BOS 
collecting team. 
Morphologically similar species. Trypanosyllis intermedia. Holotype (CAS-IZ 20550), 
CALIFORNIA, Monterey County, Monterey Bay (36.616667, -121.951111), intertidal, 12 Jul 1904, 
leg. H.P. Johnson. 
Diagnosis. Uniform yellow coloured in well-preserved specimens (Fig. 6E), compound 
bidentate chaetae, all with short blades, without serrations (Figs 6F, 8E–F), stolon clusters 
during its reproductive stage (Johnson, 1901; Imajima & Hartman, 1964; Imajima, 1966). 
Description. Complete longest specimen: 10 mm long, 1 mm wide, 90 chaetigers, with a 
uniform yellow colouration (Fig. 6E). Oval posteriorly bilobed prostomium with 4 large eyes
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Figure 8. Scanning electron micrographs of Trypanedenta gemmipara comb. nov. (MNCN 16.01/16043). A, 
anterior part. B, prostomium. C, Detail of nuchal organs, no (arrows). D, Detail of ciliary rows on anterior 
segments. E, anterior chaetae. F, posterior chaetae, arrow pointing the papillae (pp) of bilobed parapodia. 
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in trapezoidal arrangement (Figs 6E, 8A–B). Antennae originating on anterior margin (Figs 
6E, 8A–B); median antenna slightly longer than combined length of prostomium and palps, 
with about 20–22 articles, slightly longer than lateral ones, with 19–20 articles. Oval palps  
shorter than prostomium, completely separated, ventrally folded. Nuchal organs surrounding 
prostomial lobes (Fig. 8C). Segment 1 slightly smaller than subsequent segments; dorsal 
enlarged anterior cirri similar in length to the antennae, with 21 articles, slightly longer than 
ventral ones, with 18 articles. Dorsal cirri shorter than body width, alternating long (20–22 
articles) and short (12–14 articles) (Figs 6E, 8A). Anterior segments with two rows of cilia 
(Fig. 8D). Parapodial lobes distinctly bilobed presenting a rounded papilla situated ventrally 
to the lobes and dorsally to the ventral cirri (Fig. 8F). Ventral digitiform cirri, shorter than 
parapodial lobes (Figs 6F, 8F). About 6 compound bidentate, heterogomph falciger chaetae 
per parapodium, with distal tooth slightly larger than proximal one and smooth margins (Figs 
6F, 8E–F). Three anterior aciculae, straight, acute, protruding from parapodia (Fig. 8E); 2 in 
midbody and a single one in posterior parapodia. Dorsal and ventral simple chaetae not seen. 
Pharynx slender and long, through 16 segments (Fig. 6E); trepan with 10 teeth, surrounded 
by a crown of 10 papillae. Proventricle half shorter than pharynx, through 8 segments, with 
about 40 muscle cell rows. 
Remarks. Although, Imajima & Hartman (1964) and San Martín (2003) synonymised 
Trypanedenta gemmipara with Trypanosyllis aeolis, our results concluded that it is a 
different and well delineated species that in fact belongs to a different genus (Figs 1, 2, 5). 
The morphological examination agrees with the molecular results since T. gemmipara largely 
differs from T. aeolis in the colouration pattern, and the type of chaetae. The former presents 
a uniform yellow colouration (Fig. 6E), with all the chaetae bidentate, short, and smooth 
(Figs 6F, 8E–F), whereas the later show a pink-pale colouration in body and yellow-orange 
cirri (Fig. 10B), with bidentate chaetae with spines on the margin (Fig. 12B–D). In addition, 
the specimens examined from New Zealand agree with the descriptions of the species from 
other areas in the Pacific Ocean. In spite of this apparent similarity, further studies are needed 
to test the putative wide distribution of the species, since the analysis in other syllid species 
pointed out a restricted geographical distribution rather than a wide distribution. The type 
material examined of T. intermedia from California has the same kind of chaetae observed 
in T. gemmipara comb. nov., but only on its midbody and posterior parapodia. Since T. 
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intermedia could not be sequenced, and the kind of reproduction has not been reported, we 
cannot be sure if it is a Trypanosyllis species, or another species of Trypanedenta. 
Type locality. Washington, United States (Pacific Ocean). 
Distribution. Pacific Ocean: from Alaska to Mexico; Japan, India. First report for New 
Zealand. 
 
Trypanedenta gigantea (MCINTOSH, 1885)  
Figs. 6G–I, 9 
Syllis gigantea McIntosh, 1885. 
 
Material examined. ANTARCTICA. 2 specimens in 96% EtOH (SIO A3211, A2935), Elephant 
Island (-61.163333, -54.997222), Blake Trawl, 223-242m, 22 Oct. 2011, leg. G.W. Rouse; 1 
specimen in 96% EtOH (SIO A2948), Bransfield Strait (-63.080556, -59.156389), Blake Trawl, 150–
247 m, 24 Oct. 2011; 1 specimen in 96% EtOH (SIO A3565), Burdwood Bank East (-54.558889, -
56.828889), Blake Trawl, 90–92 m, 24 Apr. 2013, leg. G.W. Rouse; 1 specimen in 96% EtOH (SIO 
A3515), Burdwood Bank East (-54.540833, -56.626944), Blake Trawl, 122–123m, 24 Apr. 2013, leg. 
G.W. Rouse. Weddell Sea: 2 specimens in 10% formalin buffered in seawater (MNCN 16.01/16504), 
(-70.933333, -10.533333), Agassiz Trawl, 288 m, 9 Dec. 2003, leg. C. Avila and M. Ballesteros, id. 
by S. Taboada; 1 specimen in four different parts, mounted for SEM (MNCN 16.01/16505–16508), 
collection details as for MNCN 16.01/16504; 4 specimens in 10% formalin buffered in seawater 
(MNCN 16.01/16502), (-71.066667, -1.566667), Bottom Trawl, 308 m, 23 Dec. 2003, leg. C. Avila 
and M. Ballesteros, id. by S. Taboada; pharynx and trepan of 1 specimen mounted for SEM (MNCN 
16.01/16503), collection details as for MNCN 16.01/16502; pharynx and trepan of 1 specimen 
mounted for SEM (MNCN 16.01/16501) and 6 specimens in 10% formalin buffered in seawater 
(MNCN 16.01/8875), (-70.866667, -10.85), Bottom Trawl, 294 m, 27 Dec. 2003, leg. C. Avila and 
M. Ballesteros, id. by S. Taboada; 1 specimen in 10% formalin buffered in seawater (MNCN 
16.01/3561), (-71.1, -11.45), Agassiz Trawl, 277 m, 28 Dec 2003, leg. C. Avila and M. Ballesteros, 
id. by S. Taboada; 4 specimens in 10% formalin buffered in seawater (MNCN 16.01/8769), (-70.95, 
-10.55), Bottom Trawl, 332 m, 24 Dec. 2003, leg. C. Avila and M. Ballesteros, id. by S. Taboada. 
Morphologically similar species. Trypanosyllis ingens. CALIFORNIA, Marin County: 1 specimen 
(CAS-IZ 181627) and 1 stolon (CAS-IZ 181664), Cordell Bank National Marine Sanctuary, Cordell 
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Bank, NW pinacle sea mount (38.03, -123.426667), 40 m, 15 Dec 1981, leg. R. Schmieder; 6 stolons 
(CAS-IZ 181663), Cordell Bank National Marine Sanctuary, Cordell Bank, NW pinacle sea mount 
(38.031667, -123.418333), 40 m, 10 Oct 1981, leg. R. Schmieder. 
Diagnosis. Compound unidentate posterior chaetae, ventral ones with short blades, with few 
spines on margin (Figs 6I, 9F–H), stolon chains during the reproductive stage (first report in 
this paper, Fig. 6G, H).  
 
Description. Complete longest specimen: 55 mm long, 30 mm wide, 304 chaetigers, with 
yellow pale colouration on body and cirri, but stolons with a strong brown pigmentation (Fig. 
6G–H). Bilobed prostomium with two pairs of eyes, anterior ones larger than posterior (Fig. 
6G); antennae originating on the anterior margin of prostomium, median antenna long, with 
about 21–23 articles; lateral antennae slightly shorter, with about 18–20 articles. Oval palps 
shorter than prostomium, completely separate. Nuchal organs as a row of cilia on anterior 
margin of segment 1 (Fig. 9B). Segment 1 slightly smaller than subsequent segments; dorsal 
enlarged anterior cirri longer than antennae, with about 28–30 articles, longer than ventral 
ones, with about 22–24  articles. Dorsal cirri alternating long (20–22 articles) and short (15–
17 articles). All articles on appendages joined only by the central part (Fig. 9C). Ventral cirri 
digitiform, reaching edge of parapodia. About 8–10 compound heterogomph falciger chaetae 
per parapodium, similar throughout body. Most part of chaetae unidentate with a few spines 
on margin (Figs 6I, 9F–G). Some chaetae of posterior parapodia slightly bidentate with a 
minute proximal tooth (Fig. 9H). All aciculae thick and distally pointed protruding from 
parapodia (Fig. 9G, H), 4 on anterior and midbody parapodia (Fig. 9G) and 2 on posterior 
ones (Fig. 9H). Dorsal and ventral simple chaetae not seen. Pharynx through about 19 
segments (Fig. 6G); trepan as a corneous disc surrounded by 10 papillae (Fig. 9D). 
Proventricle through 17 segments, with about 41 muscle cell rows (Fig. 9E).  
Reproduction. Scissiparity (gemmiparity).  Development of a chain of stolons during the 
reproductive stages, brown in colour, first ones acephalous (Fig. 6G), and last two stolons 
better developed, presenting pair of ventral eyes. One detached cephalous female stolon 
found, 40 mm long, 20 mm wide with 60 segments, with two pair of brown eyes (Fig. 6H). 
Trypanosyllis krohnii species complex                                                  Chapter 2.1!
!
 
254!
 
Figure 9.  Scanning electron micrographs of Trypanedenta gigantea comb. nov. A, Anterior part (MNCN 
16.01/16505). B, Prostomium (MNCN 16.01/16505), arrow pointing the nuchal organs (no). C, Detail of dorsal 
cirri (MNCN 16.01/16506). D, Detail of the trepan pharynx in apical view, arrow pointing the trepan (t) (MNCN 
16.01/16501). E, Pharynx and proventricle (MNCN 16.01/165052). F, Anterior chaetae (MNCN 16.01/16505). 
G, Midbody chaetae, arrow pointing 4 protruding aciculae (MNCN 16.01/16506). H, Posterior chaetae, arrow 
pointing 2 protruding aciculae (MNCN 16.01/16508). 
 
Remarks. The most similar species to Trypanedenta gigantea comb. nov. is Trypanosyllis 
ingens Johnson 1902 described from Pacific Grove (California). Johnson (1902) described 
not only the same kind of unidentate chaetae seen in T. gigantea comb. nov., but also the 
development of numerous budding stolons. The specimens examined from Marin County 
(California) agree with the original description but also present some smooth bidentate 
chaetae, similar to those that appear in T. gemmipara comb. nov. that were not described by 
Johnson (1902) which is the main difference between these two large-bodied species. 
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However, since the specimens of T. ingens were not able to sequenced, we cannot be sure 
whether it also belongs to Trypanedenta. 
Type locality. Ross Sea (Southern Ocean). 
Distribution. Southern Ocean, Strait of Magellan; Southwestern Pacific (New Zealand); 
Northeastern Atlantic Ocean; Eastern Mediterranean Sea (Adriatic and Aegean Seas). 
 
 
Genus Trypanosyllis Claparède, 1864. 
Parautolytus Pillai, 1965. 
Type species. Trypanosyllis krohnii Claparède, 1864 
 
Diagnosis. As in San Martín et al. (2008).  
Remarks. Although, Imajima & Hartman (1964) divided the genus into four subgenera, 
based on body shape, type of chaetae and the presence of a pharyngeal tooth, most authors 
did not follow this classification arguing that these features depended on the ontogeny (e.g., 
San Martín, 2003; Çinar, 2007; San Martín et al., 2008; Nogueira & Fukuda, 2008). Our 
results show that Trypanosyllis sensu lato contains at least two clades, which we have 
designated as genera: Trypanedenta Imajima & Hartman, 1964 and Pseudosyllis Grube, 
1863. These genera differ from Trypanosyllis s.s in the type of chaetae, body size, length of 
cirri, and reproductive mode (see remarks above). 
 
Trypanosyllis krohnii Claparède, 1864 
Figs. 4B, 10A, 11 
 
Material examined. Type specimens. Neotype. FRANCE. Banyuls-sur-Mer (42.483333, 3.133333): 
1 specimen in 96% EtOH (MNCN ADN/9623), Harbour on docks, snorkelling, epifauna on mussels 
(i.e. hydroids, sponges), 19 Apr. 2001, no collector data (Fig. 9A).  Other specimens. SPAIN. 
Catalonia: 1 specimen in 96% EtOH (MNCN 16.01/16187), Barcelona, Mataró (41.5325, 2.453056), 
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intertidal algae, Mar 2014, leg. M. Ballesteros; 1 specimen in 96% EtOH (MNCN 16.01/16066), 
Girona, Cap de Creus (42.320278, 3.320556), Petrosia sp., 16 m, 16 Sep. 2011, leg. G. San Martín; 
1 specimen mounted for SEM (MNCN 16.01/16186), collection data as for MNCN 16.01/16066; 4 
midbody parts (MNCN 16.01/16188), collection data as for MNCN 16.01/16066.  
Morphologically similar species examined. Trypanosyllis zebra, ITALY. 1 specimen (ZMB Q4428), 
Lesina (41.766667, 15.433333), 1874, leg. Grube. Lessina coll Grube. 
Diagnosis. Colour pattern in preserved specimens as brown transverse stripes across anterior 
and midbody parts, one close to anterior end of segment and the other in middle of segment 
(Figs 4B, 10A). All stripes similar in length, reaching parapodia (Figs 4B, 10A). Large 
anterior cirri with about 42 articles (n=5); dorsal cirri alternating long (30–32 articles) and 
short (20–22 articles).  
Description. Neotype incomplete, 8 mm long, 1.5 mm wide, 83 chaetigers. Long dorso-
ventrally flattened body (Figs 10A, 11A). Colour pattern as two thin, brown, transverse 
stripes across limit of anterior and midbody segments (Fig. 10A). Some specimens with 
purple pigmentation remaining on anterior and dorsal cirri (Fig. 4B). Oval prostomium with 
two pairs of eyes in trapezoidal arrangement (Fig. 10A); antennae originating on anterior 
margin of prostomium, long median antenna with about 30 articles; lateral antennae slightly 
shorter, with about 25 articles (Fig. 10A, 11A–B). Oval palps shorter than prostomium, 
completely separated. Nuchal organs as two densely ciliated semicircular areas, extending 
on prostomium and surrounding prostomial lobes. In addition, ciliary bands on dorsum of 
anterior and midbody segments and parapodia (Fig. 11C). Segment 1 slightly smaller than 
subsequent segments; dorsal enlarged anterior cirri longer than antennae, with about 42 
articles, longer than ventral ones, with about 35 articles. Dorsal cirri alternating long (30–32 
articles) and short (20–22 articles). Ventral digitiform cirri, reaching edge of parapodia. 
Parapodia with 2 anterior, digitiform lobes. Compound bidentate, heterogomph falciger 
chaetae, about 15–17 on anterior parapodia, 13–15 on midbody and 12–14 on posterior ones. 
All chaetae similar throughout body, with both teeth similar in length and serrated margin 
(Fig. 11D–G); all parapodia with dorsal chaetae with longer blades and very short spines on 
the margin (Fig. 11D, F), and ventral bidentate chaetae, shorter than ventral ones, with minute 
spines on the margin of anterior and midbody chaetae (Fig. 11E) and almost smooth on 
posterior parapodia (Fig. 11G). Three to four anterior straight aciculae, all distally blunt; 2–
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Figure 10. Light microscopy pictures of the anterior of Trypanosyllis s. s. species. A, T. krohnii neotype 
(MNCN/ADN 9623), B, T. aeolis (MNCN 16.01/16039). C, T. zebra (ZMB Q4428).  D, T. luzonensis comb. 
nov. (AM W.47275). E, T. taboadai sp. nov. holotype (MNCN 16.01/16087). F, T. luquei sp. nov. holotype 
(SIO A5005). G, T. leivai sp. nov. holotype (MNCN 16.01/16082). H, T. californiensis sp. nov. holotype live 
specimen (SIO A5008). I, Trypanosyllis sp. 2 (MNCN 16.01/16065). J, T. kalkin sp. nov. holotype (MNCN 
16.01/16058).  
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3 midbody and posterior straight, distally pointed aciculae thicker than anterior ones. Dorsal 
and ventral simple chaetae not seen. Pharynx running through 11 segments. Proventricle 
through 13 segments, with about 40 muscle cell rows.  
Remarks. Trypanosyllis, together with the species Trypanosyllis krohnii, were described by 
Claparède (1864) from Port-Vendres (France). Four years earlier, Syllis zebra Grube, 1860 
was described from the Adriatic Sea, and Marenzeller (1874) later placed it in Trypanosyllis 
because it presented a trepan. In 1879, Langerhans synonymised T. krohnii with T. zebra on 
the basis of the original descriptions, without studying the type specimens (subjective 
synonymy, ICZN, art. 61.3). All subsequent authors followed this synonymy, probably due 
to the similarity in the striped colouration found in both species. Many years later, Hartman 
(1959) designed Trypanosyllis zebra as the type species of the genus by subsequent 
designation (ICZN, art 69.1) and since then, all the authors except Day (1967) considered 
this designation as valid (e.g., Imajima, 1966; Uebelacker, 1984; San Martín, 2003). Our 
study found that Hartman’s designation is in fact not valid, because Claparède (1864) 
described the genus Trypanosyllis and its monotypic type species Trypanosyllis krohnii 
(ICZN, art 68.3), which is a valid species. Lineage 6, which inhabits the same geographical 
areas as the type species, presented enough distinctive morphological features to separate 
them, such as the colour pattern, the length of the dorsal cirri, and the body width (Fig. 10A, 
I, Table 3). In addition, the comparative material from the Adriatic deposited in the ZMB, 
which was collected in 1874 and identified by Grube as Syllis zebra, also differed from 
lineage 6 in the same characters (Fig. 10C, I, Table 3), but was slightly more similar to T. 
krohnii than lineage 6 (Fig. 10A, C, Table 3). The ZMB specimen did not fully agree with 
the original description of T. zebra Grube (1860), mainly because of the huge size of the 
holotype described by Grube (Table 3), and therefore we prefer not to designate it as the 
neotype of T. zebra. Likewise, even though this ZMB specimen is similar to T. krohnii, we 
cannot synonymize them since we have not sequenced this material. Therefore, until new 
material of striped Trypanosyllis from the Adriatic is collected for further sequencing, we 
will regard our specimens in lineage 6 as Trypanosyllis sp. 2  
Nevertheless, here we conclude that T. krohnii is not a synonym of T. zebra, but a 
valid and well-defined species distributed at least in the Gulf of Lion and the NW coast of 
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Figure 11. Scanning electron micrographs of Trypanosyllis krohnii (MNCN 16.01/16186) A, Anterior part. B, 
Prostomiun. C, Detail of ciliary bands in midbody dorsal segments and parapodia. D, Anterior dorsal chaeta. E, 
Anterior ventral chaetae. F, Posterior dorsal chaeta. G, Posterior ventral chaetae.  
 
Spain (Tables 1 and 3). In the present study, we re-describe the type species of the genus, 
designating a neotype (since the type material is lost) following the ICZN requirements. The 
studied specimens agree with the original description, except for the colouration, which 
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Claparède (1864) described as violet. Since we have observed remnants of violet 
pigmentation in the anterior and midbody cirri of some specimens (Fig. 4B), we conclude 
that the colouration differences may be due to preservation methods. Our results also suggest 
that the species is distributed in the same area (Gulf of Lion) as Trypanosyllis sp. 2, but 
inhabiting different bathymetric ranges, T. krohnii occurring in shallower waters (Table 3). 
Marion & Bobretzky (1875) reported T. krohnii from the Gulf of Marseille, noting that 
specimens collected in shallow waters presented body colouration and length of cirri 
considerably different to the specimens collected in deeper waters, although they considered 
both as the same species. Our examination agrees with their observation, and thus, we 
conclude that there are enough molecular, morphological, and ecological evidences to 
consider them as two different species.  
Type locality. Banyuls-sur-Mer, France (North-Western Mediterranean Sea). 
Distribution. Gulf of Lion (Mediterranean Sea), including the Cap de Creus, in the 
Northeastern coast of Spain (Girona). 
 
Trypanosyllis aeolis Langerhans, 1879 
Figs. 10B, 12A–B 
Trypanosyllis aeolis Langerhans, 1879; Núñez, San Martín & Brito 1992; San Martín 2003. 
 
Material examined. SPAIN. Mallorca, El Toro Island (39.4891, 2.4809):  3 specimens in 96% EtOH 
(MNCN 16.01/16039, 16180, 16181), Cladocora cespitosa and Miriapora sp., 12 m, 18 Jun 2012, 
leg. P. Álvarez-Campos and M. Capa. AUSTRALIA, QLD, Lizard Island, Watsons Bay (-14.657222, 
145.450833): 1 specimen in 96% EtOH (AM W.41717), Coral rubble, 4.5 m, 28 Aug 2010, leg. P. 
Hutchings and M. Capa. 
Diagnosis. Uniform pale pink colouration, with yellow dorsal cirri (Fig. 10B); compound 
bidentate chaetae, with small proximal tooth; sometimes blades unidentate on posterior 
parapodia (Fig. 12B). 
Description. Longest complete specimen (MNCN 16.01/16039), 10 mm long, 1.2 mm wide, 
65 chaetigers. Pale pink body colouration with yellow pigmentation in some cirri (Fig. 10B).  
Trypanosyllis krohnii species complex                                                  Chapter 2.1!
!
 
261!
Oval posteriorly bilobed prostomium (Figs 10B, 12A); two prostomial lobes, with two pairs 
of red eyes in trapezoidal arrangement (Fig. 10B). Oval palps slightly shorter than 
prostomium, completely separate. Nuchal organs as two densely ciliated semicircular areas, 
surrounding the eyes (Fig. 12A). Antennae originating on anterior margin of prostomium, 
median antenna long, with about 23 articles; lateral antennae distinctly shorter, with about 
15 articles (Figs 10B, 12A). Segment 1 slightly shorter than subsequent segments; dorsal 
enlarged anterior cirri slightly longer than antennae, with about 25 articles, longer than 
 
Figure 12. Scanning electron micrographs of Trypanosyllis aeolis (MNCN 16.01/16181) A, anterior part. B, 
anterior chaetae. C, posterior chaetae. 
 
ventral ones, with about 20 articles. Anterior dorsal cirri as long as median antenna (25 
articles); midbody and posterior dorsal cirri shorter, with 20 and 15 articles, respectively. 
Ventral cirri digitiform, shorter than parapodia. Compound bidentate, heterogomph falciger 
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chaetae with both teeth similar in length and few and minute spines on margin (Fig.12B–C). 
About 13–14 chaetae on anterior parapodia (Fig. 12B), 8–10 on midbody and posterior ones 
(Fig. 12C). One unique, thick and straight aciculae protruding from each parapodia (Fig. 
12B). Pharynx through about 10 segments; trepan with 8 teeth. Proventricle similar in length 
to pharynx, through 9 segments, with about 22 muscle cell rows.  
Remarks. See remarks for Trypanedenta gemmipara comb. nov. One of the specimens 
analysed of T. aeolis is from Australia and even though we have not been able to find 
morphological differences with the Iberian Peninsula specimens, due to their disjunct 
distribution, this may represent another case of cryptic speciation.  
Type locality. Madeira (Atlantic Ocean). 
Distribution. Pacific Ocean (Washington); Northeastern Atlantic Ocean (United Kingdom, 
Portugal, and Spain); Mediterranean Sea, including Adriatic and Aegean Seas. 
Etimology. Named after Carlos Leiva, colleague and friend of PA-C and AR, for his help 
collecting and sorting part of the analysed material.  
 
Trypanosyllis luzonensis (Pillai, 1965) comb. nov.  
Figs 10D, 13, 14. 
Parautolytus luzonensis Pillai, 1965. 
Trypanosyllis zebra San Martín et al., 2008 partim. 
 
Material examined. Type specimens. PHILIPPINES. Paratype 1 specimen (BMNH 1965.33.29, The 
Natural History Museum, London), Luzon Island, Bonva, Dagupan City (16.033056, 120.333056), 
brackish-water, fish pond, 1965, leg. G. Pillai. Other specimens. CHINA, Hong Kong (22.338056, 
114.2675): 1 specimen in 96% EtOH (SIO A6142), Hong Kong University of Science and 
Technology, Aquarium system, 9 May 2014, leg. G.W. Rouse. PHILIPPINES. 1 specimen in 96% 
EtOH (MNCN 16.01/16053), Palawan Island, El Nido, ”Twin Rocks” (11.297222, 119.318333), 
unidentified sponges, 6 m, 17 Dec 2010, leg. G. San Martín and Project CGL2009-12292 BOS 
collecting team; 1 specimen in 96% EtOH (MNCN 16.01/16054), Luzon Island, between Balayan 
Bay and Batangas Bay, “Mainif point” (13.68, 120.855556), coral rubble, 2 m, 8 Dec 2010, leg. G. 
San Martín and Project CGL2009-12292 BOS collecting team; 6 specimens in 96% EtOH (MNCN 
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16.01/16045), Luzon Island, between Balayan Bay and Batangas Bay, “Mainif point” (13.68, 
120.855556), coral rubble, 20 m, 8 Dec 2010, leg. G. San Martín and Project CGL2009-12292 BOS 
collecting team.; 6 specimens in 96% EtOH (MNCN 16.01/16047, 16049, 16051), Luzon Island, 
between Balayan Bay and Batangas Bay, “Sepok point” (13.68, 120.855556), coral rubble, 6 m, 10 
Dec 2010, leg. G. San Martín and Project CGL2009-12292 BOS collecting team; 4 complete 
specimens and 4 midbody parts in 96% EtOH (MNCN 16.01/16035, 16044, 16046, 16050, 16052), 
Luzon Island, Balayan Bay, Sombrero Island (13.697778, 120.829722), coral rubble, 20 m, 9 Dec 
2010, leg. G. San Martín and Project CGL2009-12292 BOS collecting team; 2 specimens in 96% 
EtOH (MNCN 16.01/16055, 16183), Luzon Island, Balayan Bay, Sombrero Island (13.697778, 
120.829722), unidentified sponges, 2 m, 6 Dec 2010, leg. G. San Martín and Project CGL2009-12292 
BOS collecting team; 1 specimen in 96% EtOH (MNCN 16.01/16045), Luzon Island, Balayan Bay, 
“Koala point” (13.798889, 120.869444), coral rubble, 16 m, 5 Dec 2010, leg. G. San Martín and 
Project CGL2009-12292 BOS collecting team; 2 specimens in 96% EtOH (MNCN 16.01/16045, 
16082), Luzon Island, Balayan Bay, “Koala point” (13.798889, 120.869444), Thalyssias sp. and 
Acanthella sp. sponges, 16 m, 5 Dec 2010, leg. G. San Martín and Project CGL2009-12292 BOS 
collecting team; AUSTRALIA: 1 specimen in 80% EtOH (AM W.42432), WA, Montgomery Reef (-
16.020556, 124.159167), mid-littoral lower terrace, Acropora sp., 0 m, 23 Oct 2009, leg. Western 
Australian Museum Kimberley Islands Collecting Team; 1 specimen in 80% EtOH (AM W.41723), 
WA, Adele Island (-15.557778, 123.133889), sublittoral fore-reef slope, 12.5m, 18 Oct 2009, leg. 
Western Australian Museum Kimberley Islands Collecting Team; 1 specimen in 80% EtOH (AM 
W.41649), WA, Adele Island, edge of Frazer Inlet (-15.444722, 123.170833), sublittoral cannel slope, 
0 m, 22 Oct 2009, leg. Western Australian Museum Kimberley Islands Collecting Team; 3 specimens 
in 95% EtOH (AM W.41645, W.41646 mounted for SEM, W.41647), WA, Ningaloo Reef (-
22.623611, 113.641111), coarse coral rubble, 7 m, 20 May 2009, leg. P. Hutchings, M. Capa, R.S. 
Wilson and L. Avery; 1 specimen in 95% EtOH (AM W.41648), WA, Ningaloo Reef (-22.769722, 
113.645556), brown algae and coral rubble, 24 m, 17 May 2009, leg. M. Capa and L. Avery; 2 
specimens in 80% EtOH (AM W.41638, W.41639 mounted for SEM), WA, Long reef (-13.856667, 
125.825), sublittoral reef platform, 4 m, 21 Oct 2009, leg. Western Australian Museum Kimberley 
Islands Collecting Team; 1 specimen in 80% EtOH (AM W.41635), WA, Long reef (-13.832222, 
125.811944), sublittoral reef platform, 2 m, 23 Oct 2009, leg. Western Australian Museum Kimberley 
Islands Collecting Team; 2 specimens in 95% EtOH (AM W.42860), WA, Cassini Island, (-
13.932222, 125.618333), 12 m, 16 Oct 2010, leg. Western Australian Museum Kimberley Islands 
Collecting Team; 2 specimens in 95% EtOH (AM W.41636, 41637), WA, Cassini Island, (-
13.942222, 125.643333), 10–12 m, 24 Oct 2010, leg. Western Australian Museum Kimberley Islands 
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Collecting Team; 4 specimens in 80% EtOH (AM W.32041, W.47275, 47276), NSW, Port Jackson 
(-35.858333, 151.233333), encrusting sponges and dead shells on subtidal rock ledge, 9 m, 6 Oct 
2005, leg. P. Hutchings; 1 specimen in 95% EtOH (AM W.42430), NSW, Nielsen Park, Bottle & 
Glass Rock, Sydney (-35.858333, 151.233333), kelp holdfasts, 6 m, 13 Apr 2000, leg. P. Hutchings; 
3 specimens in 95% EtOH (AM W.41713, W.42420, 42421), QLD, Lizard Island, Watsons Bay (-
14.657222, 145.450833), coral rubble, 4.5 m, 28 Aug 2010, leg. P. Hutchings and M. Capa; 1 
specimen in 95% EtOH (AM W.41640), QLD, Lizard Island, Watsons Bay (-14.658333, 
145.448889), sand, 9, 30 Aug 2010, leg. P. Hutchings and M. Capa; 1 specimen in 95% EtOH (AM 
W.41714), QLD, Lizard Island, Bommie Bay (-14.659722, -145.471111), 7.4 m, 9 Sep 2010, leg. L. 
Avery. 
Diagnosis. Colour pattern as two large bands on each segment, almost fused as a single one 
(Fig. 10D). Posterior ventral compound chaetae unidentate or with a very small proximal 
tooth (Figs 13E–F, 14E).  
Description. Paratype (BMNH 1965.33.29): 32 mm long, complete but broken in three 
pieces, 2 mm wide, with 145 chaetigers; longest specimen examined 30 mm long, 0.5 mm 
wide, with 140 chaetigers. Body long, dorso-ventrally flattened, ribbon-like, with numerous 
segments (Figs 10D, 14A). Colour pattern as two wide, dorsal, dark red transversal bands on 
each segment, almost fused (Fig. 10D); sometimes, dark to red spots on cirrophores. 
Antennae, dorsal enlarged anterior cirri and anterior long dorsal cirri with remains of red 
pigmentation; remaining cirri yellowish, pale. Some specimens without pigmentation (e.g., 
paratype). Oval posteriorly bilobed prostomium, with two pairs of red eyes in trapezoidal 
arrangement (Figs 10D, 13A, 14A). Oval palps slightly shorter than prostomium, completely 
separate. Nuchal organs as two densely ciliated semicircular areas, extending on prostomium, 
surrounding prostomial lobes (Fig. 13A). Some specimens with one transversal row of cilia 
on each segment, extending also on parapodia (Fig. 13B). Segment 1 smaller than subsequent 
segments, sometimes partially covered by the first chaetiger. Antennae originating on the 
margin of prostomium; median antenna short, with about 40 articles, longer than lateral ones, 
with about 25 articles (Figs 10D, 14A). Dorsal enlarged anterior cirri longer than antennae, 
with about 50 articles, distinctly longer than ventral ones, with about 20 articles (Figs 10D, 
14A). Dorsal cirri alternating in anterior and midbody parapodia, long (58–60 articles) and 
short (30–32 articles) except those of chaetigers 3 and 4, both long with about 60 articles 
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Figure 13. Scanning electron micrographs and light microscopy pictures of T. luzonensis comb. nov. A, 
Prostomium, arrows pointing the nuchal organs (no) (AM W.41639). B, Midbody segments showing the 
ciliation (AM W.41639).  C, Chaetae from anterior parapodia (AM W.41713).  D, Chaetae from midbody 
parapodia (AM W.41713). E, Chaetae from posterior parapodia (AM W.41646). F, Dorsal (dsc) and ventral 
(vsc) simple chaetae from posterior parapodia (AM W.41713). G, Female detached stolon (MNCN 
16.01/16054). 
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Figure 14. Trypanosyllis luzonensis comb. nov. line drawing (AM W.47275). A, Anterior part. B, Trepan. C, 
Anterior ventral cirri. D, Midbody ventral cirri. E, Midbody chaetae. F, Posterior dorsal simple chaetae. G, 
Posterior ventral simple chaetae. H, Anterior and midbody aciculum. I, Posterior aciculae. Scales A: 1 mm, B: 
0.375 mm, C: 0.18 mm, D: 0.375 mm, E–I: 20 µm. 
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(Figs 10D, 14A). Parapodia with 1 anterior digitform lobe, and 1 shorter bilobed posterior 
lobe (Fig. 14C–D). Ventral digitiform cirri, longer than parapodial lobes on anterior 
parapodia (Fig. 14C), shorter in midbody and posterior parapodia (Fig. 14D). Compound 
bidentate, heterogomph falciger chaetae, about 15–17 per parapodium on anterior segments, 
diminishing to 8 on midbody, and 5 on posterior parapodia. Anterior and midbody compound 
chaetae with both teeth similar, well separated on dorsal ones, and short spines on margin 
(Fig. 13C–D). Compound chaetae on posterior parapodia with thicker shafts and shorter 
blades, most ventral ones with a small proximal tooth, sometimes most ventral chatae 
unidentate (Figs 13E–F, 14E). Some specimens with slender and bidentate dorsal and ventral 
simple chaetae on posterior parapodia (Figs 13F, 14F–G). Aciculae thick, acutely pointed 
(Fig. 14H–I), 3 anteriorly, 1–2 posteriorly. Pharynx long, through about 12–13 segments; 
trepan with 10 large teeth, surrounded by a crown of about 20 soft papillae (Fig. 14B). 
Proventricle long and slender, slightly shorter that pharynx, with about 35 muscle cell rows. 
Pygidium with 2 anal cirri, shorter than dorsal cirri.  
Reproduction. Scissiparity (schizogamy); cephalous stolons with two pairs of red eyes (Fig. 
13G). One detached female stolon (from Philippines), yellowish in colour, 13 mm long, 2–
2.5 mm wide, 50 segments, oocytes 60 µm Ø (Fig. 13G). Male stolons not seen. 
Remarks. Trypanosyllis luzonensis comb. nov. is very similar to T. krohnii. In fact, 
specimens of T. luzonensis comb. nov. from Australia were considered erroneously as T. 
zebra (when it was considered a senior synonym of T. krohnii) by San Martín et al. (2008). 
However, our morphological and molecular analyses showed that T. luzonensis comb. nov. 
is a valid species. The most apparent features distinguishing T. luzonensis comb. nov. from 
T. krohnii are the colour pattern, which in T. luzonensis comb. nov. comprises by two large 
bands on each segment, almost fused into a single one (Fig. 10D), and posterior ventral 
compound chaetae that are unidentate or with a very small proximal tooth. The unique 
detached stolon examined of T. luzonensis (identified by means of molecular techniques) is 
larger than any other examined of T. krohnii s.l. (Fig. 13G).  
Type locality. Dagupan City, Bonva, Luzon Island, Philippines (Indo-Pacific Ocean). 
Distribution. China (Hong Kong), Philippines (Luzon and Palawan Islands) and Australia. 
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Trypanosyllis taboadai sp. nov. Álvarez-Campos, Riesgo & San Martín  
Figs. 10E, 15A–C 
 
Material examined. Type specimens. Holotype. NEW ZEALAND.  specimen in 96% EtOH (MNCN 
16.01/16087), Cavalli Islands (-34.984444, 173.944167), calcareous algae, 17 m, 2 Feb. 2012, leg. 
G. San Martín and Project CGL2009-12292 BOS collecting team. Paratypes. NEW ZEALAND. 1 
complete specimen, 2 anterior and 2 posterior parts in 96% EtOH (MNCN 16.01/16080, 16097), 
collection data as for the holotype; 1 specimen in 96% EtOH (MNCN 16.01/16086), Karikari 
Peninsula, Maitai Bay (-34.831111, 173.409444), Corallina sp. and unidentified brown algae, 3 m, 
31 Jan. 2012, leg. G. San Martín and Project CGL2009-12292 BOS collecting team; 1 specimen in 
96% EtOH (MNCN 16.01/16079), Cavalli Islands (-34.984444, 173.944167), unidentified sponges 
and algae 15 m, 31 Jan. 2012, leg. G. San Martín and Project CGL2009-12292 BOS collecting team; 
2 specimens in 96% EtOH (MNCN 16.01/16078, 16099), Karikari Peninsula, Maitai Bay ((-
34.831111, 173.409444), kelp, 3 m, 31 Jan. 2012, leg. G. San Martín and Project CGL2009-12292 
BOS collecting team; 1 specimen in 96% EtOH (MNCN 16.01/16098), Karikari Peninsula, Maitai 
Bay (-34.831111, 173.409444), brown algae and Corallina sp., 3 m, 31 Jan. 2012, leg. G. San Martín 
and Project CGL2009-12292 BOS collecting team. 
Diagnosis. Similar to T. krohnii except for pigmentation and length of appendages (Fig. 10E). 
Each segment with two brown stripes, one anterior and one posterior, reaching parapodia. 
Alternation of long and short dorsal cirri less marked than in T. krohnii, long cirri with 21–
23 articles, short with 17–19 articles. 
Description. Holotype complete specimen in two parts: 20 mm long, 1.1 mm wide, 165 
chaetigers. Colour pattern defined by two brown stripes per segment, one on anterior margin, 
one on posterior margin, reaching parapodia (Fig. 10E). Oval, posteriorly bilobed 
prostomium, with two pairs of eyes in trapezoidal arrangement (Fig. 10E). Oval palps shorter 
than prostomium, completely separate. Nuchal organs not seen. Segment 1 slightly smaller 
than subsequent segments; antennae originating on anterior margin of prostomium, median 
antenna with about 12 articles, shorter than lateral ones, with about 16–17 articles. Dorsal 
enlarged anterior cirri longer than antennae, with about 30 articles, longer than ventral ones, 
with about 20 articles. Dorsal cirri alternating long (23 articles) and short (18 articles). 
Ventral digitiform cirri, shorter than parapodium. Compound bidentate, heterogomph 
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falciger chaetae with spines on the margin; ventral chaetae with few spines, almost smooth 
margins (Fig. 15A–C). Anterior dorsal chaetae with blades longer than those in posterior 
parapodia (Fig. 15A–C). About 9–12 chaetae on anterior and midbody chaetigers, and 6–8 
on posterior ones. Two to three aciculae thick, acutely pointed aciculae in all the segments. 
Dorsal and ventral simple chaetae not seen. Pharynx through about 15 segments, shorter than 
proventricle through 18 segments, with about 50 muscle cell rows.  
Remarks. The most similar species to T. taboadai sp. nov. are T. krohnii and T. taeniaformis 
(Haswell, 1886). The former is similar in body size and colouration to T. taboadai sp. nov. 
but it presents longer appendages and a shorter pharynx and proventricle. Trypanosyllis 
taeniaformis, originally described from Sydney (Australia) and reported later from New 
Zealand by Day & Hutchings (1979), also differs in the length of the appendages (longer than 
those of the new species) and in the colouration, which is light red with numerous narrow 
bands instead of white with two brown stripes per segment as in T. taboadai sp. nov. (Table 
3).  
Type Locality. Cavalli Islands, New Zealand (Pacific Ocean). 
Distribution. Only known from the type locality. 
Etymology. Named after Dr. Sergi Taboada, close colleague and dear friend, for his help 
collecting and sorting part of the analysed material and for his encouragement and insight 
during the development of this research project. 
 
Trypanosyllis californiensis sp. nov. Álvarez-Campos & Rouse 
Figs. 10H, 15D–F 
 
Material examined. Type specimens. Holotype. CALIFORNIA. specimen in 96% EtOH (SIO 
A5008), La Jolla, San Diego (32.866944, -117.255833), Kelp holdfast, 5 m, 18 Apr. 2014, leg. G.W. 
Rouse. Paratypes. CALIFORNIA. 1 specimen mounted for SEM (SIO A5007), collection data as for 
the holotype; 2 specimens in 96% EtOH (SIO A5006, 5009), La Jolla, San Diego (32.866944, -
117.255833), algae, 0 m, 18 Apr. 2014, leg. G.W. Rouse. 
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Diagnosis. Similar to T. krohnii except for pigmentation and body size (Fig. 10H). Dark 
brown transverse stripes across anterior segments of living specimens. Fixed material 
appeares red/pink with dark red-purple stripes: anterior stripe is situated close to anterior end 
of segment, whereas posterior one appears slightly before end of segment (appear as two 
close lines per segment, but, in fact, anterior and posterior ones are in different segments; 
Fig. 10H). Appendages also with pigmentation only in limit of each article.  
Description. Holotype incomplete: 12 mm long, 0.8 mm wide, 76 chaetigers. Body 
colouration in live specimens white pale with two dark brown thin transverse stripes across 
anterior and midbody segments of live specimens (Fig. 10H). Fixed material appeared red 
pigmented with dark red-purple stripes. Anterior stripe situated only in anterior end of 
segment, whereas posterior one slightly precedes posterior end of segment (Figs 9H). 
Appendages also with pigmentation in limit of each article. Oval prostomium with two pairs 
of red eyes in trapezoidal arrangement (Figs 10H). Oval palps shorter than prostomium, 
completely separate. Nuchal organs not seen. Segment 1 slightly smaller than subsequent 
segments; antennae originating on anterior margin of prostomium, median antenna with 
about 20 articles; lateral antennae slightly shorter, with 15–17 articles. Dorsal enlarged 
anterior cirri longer than antennae, with about 32 articles, much longer than ventral ones, 
with about 17 articles. Dorsal cirri alternating long (30–32 articles) and short (20–22 articles). 
Dorsal cirri of the most anterior segments, slightly longer than the longest ones, with 34–36 
articles. Ventral digitiform cirri, shorter than parapodia. Compound bidentate, heterogomph 
falciger chaetae with spines on margin, about 8–10 per parapodium (Fig. 15D–F), similar 
throughout body, except in most posterior parapodia, that are shorter (Fig. 15F). Two to three 
aciculae thick, acutely pointed aciculae in all segments. Dorsal and ventral simple chaetae 
not seen. Pharynx through about 14 segments, proventricle through 11 segments, with about 
30 muscle cell rows.  
Remarks. The examined specimens of T. californiensis sp. nov. collected in La Jolla differ 
markedly from those of T. luquei sp. nov., from San Diego Bay in the length of dorsal cirri 
(32 and 20 articles the former, 20 and 14 articles the latter; 4 and 3 specimens from each 
species), and the colouration (T. californiensis sp. nov. has stripes on each segment, whereas 
T. luquei sp. nov. has them in the anterior and posterior end of the segment). In addition,  
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Figure 15. Scanning electron micrographs of new species from the Trypanosyllis krohnii species complex. A–
C , Trypanosyllis taboadai sp. nov. (MNCN 16.01/16078). D–F, Trypanosyllis californiensis sp. nov. (SIO 
5007). G–I, Trypanosyllis leivai sp. nov. (MNCN 16.01/16073). A, D, G, Anterior chaetae. B, E, H Midbody 
chaetae. C, F, I, Posterior chaetae.  
 
there are also ecological differences: T. californiensis sp. nov. occurs in association with 
algae, while T. luquei lives in association with bryozoans. Another congeneric species 
described from California (Monterey Bay) by Moore (1909), Trypanosyllis intermedia 
Moore, 1909 differs from T. californiensis sp. nov. in the colour pattern, which is reddish 
brown in the dorsum with pale in anterior and posterior ends of segments (instead of the two 
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brown transverse stripes of T. californiensis sp. nov.) and also in the form of midbody and 
posterior chaetae, which are much shorter, bidentate without spines, i.e., more similar to those 
in Trypanedenta gemmipara (Fig. 7E). 
Type locality. La Jolla, San Diego (Pacific Ocean). 
Distribution. Only known from the type locality. 
Etymology. Named after the state of California, where the type locality of the species is 
located. 
 
Trypanosyllis leivai sp. nov. Álvarez-Campos, Riesgo & San Martín 
Figs. 10G, 15G–I 
 
Material examined. Type specimens. Holotype. PHILIPPINES. specimen in 96% EtOH (MNCN 
16.01/16082), Luzon Island, between Balayan Bay and Batangas Bay, “Mainif point”,  (13.68, 
120.855556), Coral rubble, 2 m, 8 Dec 2010, leg. G. San Martín and Project CGL2009-12292 BOS 
collecting team. Paratypes. PHILIPPINES.  3 specimens in 96% EtOH (MNCN 16.01/16062, 16063, 
16081), collection data as for the holotype; 1 specimen mounted for SEM (MNCN 16.01/16073) and 
1 anterior part in 96% EtOH (MNCN 16.01/16077), Luzon Island, Balayan Bay, (13.740556, 
120.892778), Coral rubble, 2–4 m, 7 Dec 2010, leg. G. San Martín and Project CGL2009-12292 BOS 
collecting team; 1 specimen in 96% EtOH (MNCN/ADN 85680), Sombrero Island (Luzon), Balayan 
Bay, “Beatrice point”, (13.697778, 120.829722), unidentified sponge, 2 m, 9 Dec 2010, leg. G. San 
Martín and Project CGL2009-12292 BOS collecting team; 1 specimen in 96% EtOH (MNCN 
16.01/16075), Sombrero Island (Luzon), Balayan Bay (13.697778, 120.829722), unidentified 
sponges, 2 m, 6 Dec 2010, leg. G. San Martín and Project CGL2009-12292 BOS collecting team; 1 
specimen in 96% EtOH (MNCN 16.01/16074), Luzon Island, Balayan Bay, “Koala point” 
(13.798889, 120.869444), coral rubble, 2 m, 5 Dec 2010, leg. G. San Martín and Project CGL2009-
12292 BOS collecting team; 1 specimen in 96% EtOH (MNCN ADN 85683, 16.01/16061), Palawan 
Island, El Nido (11.197222 119.317222), unidentified sponge, 12 m, 18 Dec 2010, leg. G. San Martín 
and Project CGL2009-12292 BOS collecting team.  
Diagnosis. Similar to T. krohnii except for pigmentation, body size, and length of appendages 
(Fig. 9G). Red-brown transverse stripes across anterior segments, two per segment, one wider 
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than the other. Stripes do not reach end of segments (Fig. 10G). Specimens considerably 
narrower (0.3–0.4 mm; n=10) with slender and shorter anterior cirri (14–19 articles). Dorsal 
cirri alternating in anterior and midbody segments. Segments 1 and 3 presenting longer cirri 
(30–32 articles) and segments 2 and 4 with shorter ones (16–18 articles). Midbody segments 
with an alternation pattern less evident: long cirri with 16–18 articles and short cirri with 12–
14 articles; posterior dorsal cirri all short (7–9 articles). 
Description. Holotype incomplete: 15 mm long, 0.4 mm wide, 144 chaetigers. Well-
preserved specimens white in colour with brown transverse stripes across anterior and 
midbody segments; one stripe, slightly ticker, in middle of each segment, and other two, 
thinner, in both anterior and posterior ends of segment (Figs 10G).  Only these two lines are 
similar in length reaching the parapodia (Figs 10G). Appendages also white. Oval 
prostomium with two pairs of red eyes in trapezoidal arrangement (Figs 10G). Oval palps 
shorter than prostomium, completely separate. Nuchal organs not seen. Segment 1 slightly 
smaller than subsequent segments; antennae originating on anterior margin of prostomium, 
median antenna with about 22 articles; lateral antennae slightly shorter, with 15–17 articles. 
Dorsal enlarged anterior cirri longer than antennae, with about 19 articles, longer than ventral 
ones, with about 14 articles. Dorsal cirri alternating long (16–18 articles) and short (12–14 
articles). Dorsal cirri of the first and third segment longer than remaining cirri, with 32 
articles; those from the second and fourth segment much shorter with 14 articles. Ventral 
digitiform cirri, shorter than parapodia. Compound bidentate, heterogomph falciger chaetae 
with spines on margin, about 10–12 on anterior parapodia (Fig. 15G), 9–11 on midbody 
parapodia (Fig. 15H) and 6–8 in posterior ones (Fig. 15I). Blades similar throughout body, 
ventral ones shorter both in midbody and posterior chaetae (Fig. 15H, I). Three aciculae in 
anterior parapodia, two thick, straight, acutely pointed and one more slightly thinner distally 
blended; only two thick, straight, acutely pointed aciculae in midbody parapodia and one in 
posterior ones. Dorsal and ventral simple chaetae not seen. Pharynx through about 14 
segments, proventricle through 15 segments, with about 45 muscle cell rows.  
Remarks. The general aspect of specimens from the Philippines is more slender and smaller 
than specimens of the type species of the genus, although they both share a similar 
colouration pattern (Fig. 10G). Trypanosyllis leivai sp. nov. is the second species of the genus 
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described in the Philippines, together with T. luzonensis comb. nov., although our results 
showed that there are probably two other species inhabiting these waters (see Fig. 1, 
Trypanosyllis sp. 1 and specimens Tz39–Tz43). Within the Philippines, the most similar 
species, which also presents stripes on body is T. luzonensis comb. nov.; however, it is clearly 
different from T. leivai n. sp. in colouration pattern, size of the body and length of the dorsal 
cirri (see description above). 
Type locality. “Mainif Point”, between Balayan Bay and Batangas Bay, Luzon Island, 
Philippines (Indo-Pacific Ocean). 
Distribution. Known from the type locality and from El Nido (Palawan Island), in the 
Philippines.  
Etymology. Named after Carlos Leiva, colleague and friend of PA-C and AR, for his help 
collecting and sorting part of the analysed material. 
 
Trypanosyllis luquei Álvarez-Campos & Verdes  
Figs. 10F, 16A–C 
 
Material examined. Type specimens. Holotype. CALIFORNIA, specimen in 96% EtOH (SIO 
A5005), San Diego, Anza Cove (32.795278, -117.212778), bryozoans, intertidal, Oct. 2013, leg. A. 
Verdes. Paratypes. CALIFORNIA.  1 specimen mounted for SEM (SIO A5004) and 1 specimen in 
96% EtOH (SIO A5006), collection data as for the holotype. 
Diagnosis. Similar to T. krohnii except for pigmentation and length of appendages (Figs 3C, 
10F). Two brown transverse stripes across anterior segments, situated next to anterior and 
posterior ends of segment. Appendages also with brown pigmentation only in limit of each 
article. Width from 0.2 to 0.4 mm with slender and shorter anterior cirri (32–35 articles). 
Dorsal cirri alternating long (18–20 articles) and short (12–14 articles).  
Description. Holotype incomplete, 12 mm long, 0.4 mm wide, 105 chaetigers. Body white 
with brown transverse stripes across anterior and midbody segments situated in the anterior 
and posterior ends of the segment (Figs 10G).  Appendages also with brown pigmentation 
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just in the limit of each article (Figs 10G). Oval prostomium with two pairs of red eyes in 
trapezoidal arrangement. Oval palps shorter than prostomium, completely separate. Nuchal 
organs not seen. Segment 1 slightly smaller than subsequent segments; antennae originating 
on anterior margin of prostomium, median antenna with about 14 articles; lateral antennae 
slightly shorter, with 11 articles. Dorsal enlarged anterior cirri much longer than antennae, 
with about 35 articles, longer than ventral ones, with about 24 articles. Dorsal cirri alternating 
long (20 articles) and short (14 articles). Dorsal cirri from the first to the fourth segment 
longer than those of remaining segments, with 28 articles. Ventral cirri digitiform, shorter 
than parapodia. Compound bidentate, heterogomph falciger chaetae with spines on margin, 
about 10–12 on anterior parapodia (Fig. 16A), 7–8 on midbody parapodia (Fig 16B) and 5–
6 on posterior ones (Fig. 16C). Blades decreasing in length throughout the body, ventral ones 
always shorter than dorsal (Fig. 16A–C). Two to three aciculae in all parapodia, thick, 
straight, acutely pointed. Dorsal and ventral simple chaetae not seen. Pharynx through about 
12 segments, proventricle also through 12 segments, with about 30 muscle cell rows. 
Remarks. Same as those in T. californiensis sp. nov. 
Type locality. San Diego Bay, California (Pacific Ocean). 
Distribution. Only known from the type locality. 
Etymology. Dr. Ángel A. Luque, colleague, friend and mentor in our malacological 
endeavours. 
 
Trypanosyllis californiensis sp. nov. Álvarez-Campos & Verdes 
Figs. 10J, 16D–F 
 
Material examined. Type specimens. Holotype. CHILE:  specimen in 96% EtOH (MNCN 
16.01/16058), Valparaiso region, Las Cruces (-33.847778, -72.0575), Dendrymenia 
skottsbergii, intertidal, 15 Jan. 2013, leg. P. Álvarez-Campos and A. Verdes. Paratypes. 
CHILE. 1 specimen mounted for SEM (MNCN 16.01/16059) and 1 specimen in 96% EtOH 
(MNCN 16.01/16057), collection data as for the holotype; 1 specimen in 96% EtOH (MNCN 
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16.01/16060), Valparaiso region, Las Cruces (-33.847778, -72.0575), unidentified sponge, 
18 m, 16 Jan. 2013, leg. P. Álvarez-Campos and A. Verdes; 1 specimen in 96% EtOH 
(MNCN 16.01/160185), Valparaiso region, Las Cruces (-33.847778, -72.0575), unidentified 
sponge, 10 m, 18 Jan. 2013, leg. P. Álvarez-Campos and A. Verdes. 
Diagnosis. Similar to T. krohnii except for pigmentation, body size, and length of appendages 
(Fig.  10J). Light brown transverse stripes in anterior segments, two per segment. In addition, 
well-preserved specimens present pigmentation on prostomium as two bands that reach the  
 
 
Figure 16. Scanning electron micrographs of new species from the Trypanosyllis krohnii species complex. 
A–C , Trypanosyllis luquei sp. nov. (SIO A5004). D–F, Trypanosyllis kalkin sp. nov. (MNCN 16.01/16058). 
 
eyes. Body width 0.3–0.4 mm (n=5). Dorsal cirri shorter than those from the type species, 
alternating long cirri (20–22 articles) and short cirri (14–16 articles) (Fig. 10J).  
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Description. Holotype incomplete: 4 mm long, 0.6 mm wide, 28 chaetigers. Body white in 
colour with light brown transverse stripes in anterior segments, two per segment. In addition, 
well-preserved specimens present pigmentation in prostomium as two bands reaching the 
eyes. (Fig. 10J).  Some appendages also with brown pigmentation just in the limit of each 
article (Fig. 10J). Oval prostomium with two pairs of red eyes in trapezoidal arrangement. 
Oval palps shorter than prostomium, completely separate. Nuchal organs not seen. Segment 
1 slightly smaller than subsequent segments; antennae originating on anterior margin of 
prostomium, median antenna with about 12 articles; lateral antennae slightly shorter, with 8–
10 articles. Dorsal enlarged anterior cirri much longer than antennae, with about 22 articles, 
longer than ventral ones, with about 18 articles. Dorsal cirri alternating long (14 articles) and 
short (10 articles). Dorsal cirri from the first segments slightly longer than remaining cirri, 
with 16 articles. Ventral cirri digitiform, shorter than parapodia. Compound bidentate, 
heterogomph falciger chaetae with spines on margin, about 7–9 chaetae in all parapodia (Fig. 
16D–F). Blades similar in length throughout body, ventral ones always shorter than dorsal 
(Fig. 16D–F). Two to three aciculae in anterior and midbody parapodia, thick, straight, 
acutely pointed, only one thicker in posterior parapodia (Fig. 16F). Dorsal and ventral simple 
chaetae not seen. Pharynx and proventricle similar in length through about 7 segments, 
proventricle with about 30 muscle cell rows. 
Remarks. There is no other species in the complex similar in colouration to T. kalkin sp. 
nov., since it is the only one presenting colouration on the prostomium (Fig. 10J). In addition, 
together with T. luquei sp. nov. it is the smallest species in the complex. The other two species 
described in the Pacific coast, T. luquei sp. nov. (Fig. 10F) and T. californiensis sp. nov. (Fig. 
10H) from San Diego, present shorter and wider chaetae. There is another congeneric species 
described from Chile, Trypanosyllis parazebra Hartmann-Schröeder from Arica, but it shows 
a single wide brown stripe on each anterior segment, instead of the two stripes of 
Trypanosyllis kalkin sp. nov. In addition, the compound chaetae have a less marked proximal 
tooth (Hartmann-Schröder, 1965). 
 
Type locality. Las Cruces, Valparaiso region, Central Chile (Pacific Ocean). 
Distribution. Only known from the type locality.  
Trypanosyllis krohnii species complex                                                  Chapter 2.1!
!
 
278!
Etymology. From the Mapuche language of the indigenous population of Chile, referring to 
the stripes the animals present. 
 
 
 
Discussion 
Our study provides molecular evidence for the paraphyly of Trypanosyllis, which we 
now divide into three genera: the resurrected Pseudosyllis new status and Trypanedenta new 
status, and an amended Trypanosyllis. Particularly, traditional morphological characters used 
to recognize Trypanosyllis (a flattened body and the presence of a trepan) were not useful at 
the generic level. Thus, morphological diagnosis had to be aided with molecular species 
delimitation in order to recognise these particular genera of Syllidae, as has been done 
previously for other organisms (e.g., Knowlton, 2000; Bickford et al. 2007; Carr et al., 2011; 
Nygren, 2014). Our new arrangement with Pseudosyllis, Trypanedenta, and Trypanosyllis 
has important implications for the evolution of the reproductive mode in syllids. The 
subfamily Syllinae reproduces using schizogamy—by means of stolons filled with gametes, 
at the end of the main animal, that swim to the surface and spawn (Garwood, 1991)—which 
could imply either scissiparity (one stolon) or gemmiparity (multiple stolons). Both 
scissiparity and gemmiparity were independently acquired more than once within Syllidae 
(Nygren, 1999). While gemmiparity was previously known within Syllinae as occurring 
exclusively in Trypanosyllis (Johnson, 1902; Okada, 1933; Çinar, 2007; Nogueira & Fukuda, 
2008), our results and the recent study of Aguado et al. (2015) proved that gemmiparity is 
also present in other genera outside Trypanosyllis, Trypanobia and Trypanedenta. 
Interestingly, Aguado et al. (2012) found seven clades within Syllinae characterised by a 
different stolon morphotype. Thus, they concluded that the different clades within Syllinae 
might be defined by a different stolon morphotype. This assumption was not adequate at least 
for some of the clades they obtained, given the small taxon sampling considered. In 
particular, Aguado et al. (2012) suggested that the clade containing Xenosyllis, Eurysyllis, 
and Trypanosyllis was defined by the presence of acerous stolons —two pairs of eyes—, 
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which occurs only in 3 out of 4 of the species included in their analysis. We have increased 
the taxon sampling in such clade to 19 species but only 7 of them have information on the 
stolon morphology (E. tuberculata, P. brevipennis, T. gigantea comb. nov., T. gemmipara 
comb. nov., T. krohnii, Trypanosyllis sp. 2, and T. luzonensis). Our results demonstrate that 
at least one of the species within Trypanosyllis (T. luzonensis comb. nov.) presents a stolon 
that cannot be classified as acerous (see remarks and Fig. 13G). Furthermore, Trypanedenta 
gigantea comb. nov., also in the same clade, showed two different stolon stages: one with a 
chain of non-mature acephalous stolons (Fig. 6G), whereas another specimen had a mature, 
detached, cephalous stolon (Fig. 6H), like the one appearing in Trypanosyllis ingens 
(Johnson, 1902). In addition, in the clade formed by Haplosyllis and Branchiosyllis, 
acephalous stolons were coded as the only apomorphy (Aguado et al., 2012), although, 
Haplosyllis was previously reported to have several species with cephalous stolons (Lattig et 
al., 2010; Lattig & Martin 2011). The same case can be found within the genus Alcyonosyllis 
Glasby & Watson, 2001, which presents species with different kinds of stolons (i.e., Glasby 
& Watson, 2001, Álvarez-Campos et al., 2013). In the light of our results, we suggest that 
the stolon morphotype may respond to the ontogenetic stage of the specimens captured rather 
than a taxon-specific fixed character. Consequently, the evolutionary hypothesis provided for 
Syllinae (Aguado et al., 2012) may need to be further reviewed by largely increasing the 
taxon sampling of species with known reproductive strategy.   
Within Trypanosyllis, the striped species have been traditionally considered as 
cosmopolitan, given that the morphological differences reported in purported specimens 
from different localities were considered insufficient to delimit new species (San Martín, 
2003; Nogueira & Fukuda, 2008; San Martín et al., 2008). In our case, both the PTP and the 
GMYC species delimitation analyses, and also the combined phylogenetic analysis of the 
COI, 16S, 18S and 28S rRNA genes, agreed in the presence of a complex of species within T. 
krohnii comprising at least 6 pseudo-cryptic species. In addition, given the clades recovered 
within T. luzonensis comb. nov. (Figs 1, 2, 5), it may also constitute another case of pseudo-
cryptic speciation. Similarly, the Mediterranean species T. zebra could represent another case 
of cryptic speciation (see species delimitation and taxonomic results). However, both fall far 
from the scope of the present study, and future molecular and morphological analyses within 
these two species are required to solve this question. As Knowlton (1993, 2000) defined, 
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pseudo-cryptic species are those that have been morphologically recognised as such only 
after other methods have unveiled their existence. Pseudo-cryptic speciation is common in 
many marine groups (e.g., Knowlton, 1993, 2000; Sáez et al., 2003; Mertens et al., 2012; 
Cornis & Held, 2014; Kawauchi & Giribet, 2014), including polychaetes (Luttikhuizen & 
Dekker, 2010), but this is the first reported case of pseudo-cryptic speciation within Syllidae.  
In addition to the previously discussed analyses for accurate species delimitation, a 
large difference between the highest intraspecific genetic distance and the lowest 
interspecific genetic divergence using COI sequences is usually required (i.e., there is a DNA 
barcoding gap; see Hebert et al., 2003a; Stoeckle, 2003; DeSalle et al., 2005; Meyer & 
Paulay, 2005). The interspecific genetic distances in COI between our pseudo-cryptic 
lineages varied from 10.5% to 27.4% and were always larger than the intraspecific 
divergences within T. krohnii complex (Table 2). Our results fall in the range of those of 
other studies conducted in polychaetes, with reported K2P distances from 6.5 to 18.5% for 
COI in Phyllodocidae (Nygren & Pleijel, 2011) and 14.8% to 20.9% in Polynoidae (Neal et 
al., 2014). Given that the mtDNA evolves faster compared to most nuclear genes, the use of 
this marker has been extensively criticised (Ferguson, 2002; Ballard & Whitlock, 2004; 
Galtier et al., 2009). Furthermore, a recent study has demonstrated that a barcoding gap does 
not generally exist within Annelida (Kvist, 2014) as it is often found in other taxa (e.g., 
Hebert et al., 2003b). We, in turn, report a large barcoding gap among the seven pseudo-
cryptic lineages of Trypanosyllis krohnii s.l. considered in the analyses of the COI data. In 
addition, we have obtained a similar trend for the genetic distances using another 
mitochondrial gene, the 16S rRNA (Table 2), which are also considerably higher than those 
found in other polychaete groups (Spionidae = 2.2% to 5.3%; Bastro, et al., 1998; and 
Siboglinidae = 2.2% to 9.6%; Miglietta et al., 2010). Despite the agreement between all our 
molecular analyses in the definition of distinct species within Trypanosyllis, a combined 
approach using multiple genetic markers (mtDNA and nuclear) and morphological, 
ecological, physiological or reproductive data has been proposed as essential to infer species 
boundaries in polychaetes (e.g., Rice, Karl & Rice, 2008; Lewis & Karageorgopoulos, 2008; 
Halt et al., 2009; Nygren, Eklöf & Pleijel, 2010; Nygren, 2014). Therefore, here we have 
complemented our molecular analyses with morphological and ecological information about 
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the species, which provided robustness to the clarification of the taxonomic status of the new 
species and genera in this particular case within Syllidae. 
In our phylogenetic analyses, Trypanosyllis krohnii and Trypanosyllis sp. 2 (lineage 
6) were closely related clades occurring in sympatry, but both species presented differences 
in their bathymetric range together with slight morphological differences. Genetic divergence 
for this species pair found in COI (14.9%; Table 2) and 16S rRNA sequences (7.2%; Table 
2), together with their ecological specialization, suggest that they are separate species. 
Therefore, we have revealed the presence of pseudo-cryptic species in a depth range of only 
a few metres for the first time in syllids, a pattern that has also been reported in other 
polychaete groups (e.g., Kruse & Reise, 2003; Nygren et al., 2009, 2010; Luttikhuizen et al., 
2011; Schüller, 2011). Likewise, Trypanosyllis californiensis sp. nov. and T. luquei sp. nov., 
separated by a distance of just a few kilometres, were highly divergent genetically, although 
closely related clades, also exhibiting slight morphological differences. In this case it is 
possible that further sampling at intermediate localities may unveil a different phylogenetic 
pattern regarding these two clades, since the lowest divergence in COI (13.9%, Table 2) was 
detected between these species. However, since both lineages possess diagnostic 
morphological and ecological traits and are reciprocally monophyletic, we consider them 
different species. Remaining species within the complex were found in allopatry and the 
pattern of isolation by distance may explain the high rates in their COI divergences (17.2–
27.5%; Table 2).  
Interestingly, the Australian lineage (represented by individuals Tk6 and Tk7), that 
appeared in a well-supported clade in the S variant of GMYC for the 16S rRNA, may 
correspond to T. taeniaiformis (Haswell, 1886), a species described from Port Jackson, which 
was also considered part of the Trypanosyllis krohnii complex (San Martín et al., 2008). 
However, the whereabouts of the type material of this species are unknown (Anna Murray, 
Australian Museum, personal communication) making direct comparisons with our material 
impossible. Since we could not amplify COI for more than one specimen from this locality, 
and given that they are not considered as a supported lineage in the remaining species 
delimitation analyses, we adopted a conservative approach and decided to wait to take any 
taxonomic action until new material becomes available. In the case of T. leivai sp. nov., it is 
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possible that this species is not only distributed in Philippines but also in Australia, since 
there is a specimen from Shark Bay (Western Australia) that appeared nested in the same 
clade in both phylogenetic analyses (See Tz20 in Figs 1, 2, 4). Specimen Tz20 was studied 
by Aguado et al. (2012) but morphological data or voucher information are not available for 
comparison with T. leivai sp. nov. Regarding T. taboadai sp. nov., (lineage 5) the species 
delimitation analysis of COI only considered specimens Tk1, Tk4 and Tk5 within the 
supported clade, but the same clade in both S and M variants of GMYC for the 16S rRNA 
included also specimen Tk3. Furthermore, the PTP analysis of all the genes and also both 
ML and BI analyses of the whole dataset also included all the New Zealand specimens. Given 
that all specimens (Tk1-Tk5) present the same morphological characters, we have considered 
Tk2 and Tk3 to belong also in T. taboadai sp. nov. (Figs 4, 5). The discordance between the 
species delimitation analyses may be due to the existence of more than one species in New 
Zealand, but further studies including more specimens are needed to test this hypothesis.  
Even though cryptic and pseudo-cryptic species of polychaetes are routinely inferred 
in genetic surveys, unfortunately few of them are formally described (see discussion in 
Westheide & Haß-Cordes, 2001). Such failure in providing taxonomic descriptions can result 
in an underestimation of the true biodiversity in the sea (Appeltans et al., 2012).  We therefore 
describe here all the well-supported pseudo-cryptic species and clarify the taxonomy of 
Trypanosyllis. However, our approach was conservative because we only considered as 
different species those that presented clear morphological, ecological, and molecular 
evidence. Such an approach reduced our initial 12 supported clades obtained by BI and ML 
analyses (Figs 1, 2), to the seven lineages found in the species delimitation analyses (Figs 3, 
4) which presented enough distinctive morphological and ecological features.  
 
Conclusions 
The present study constitutes yet another example that poorly interpreted morphology 
may seriously misinform the taxonomy of a given group and also may contribute to 
underestimate its biodiversity. In the light of our current results, we suggest that the 
traditional morphological characters used to recognize genera and species within Syllidae 
should be revised. Trypanosyllis was found to be paraphyletic as formerly construed and 
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some species had to be assigned to two genera, Pseudosyllis and Trypanedenta to rectify this 
problem. Furthermore, our results also show an underestimation of species numbers within 
the genus, as all analyses agreed in the existence of at least seven species within the formerly 
cosmopolitan T. krohnii. Our study denotes that, as it happened in other polychaete clades 
(e.g., Nygren & Pleijel, 2011), intraspecific colour polymorphism may indicate the existence 
of cryptic species, as seen also in other groups of marine invertebrates (e.g., Sundberg et al., 
2009). We therefore corroborate previous work using combined approaches to infer species 
boundaries. Taking into account that Syllidae has been reported as one of the most abundant 
and diverse families of Annelida, and considering the results here obtained within just a small 
clade, we anticipate the presence of a large amount of hidden diversity within the clade.  
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Phylogenetic relationships within flattened 
syllids (Annelida, Syllidae). One new genus 
and five new species. 
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Resumen 
En este estudio, se evaluan las relaciones filogenéticas del denomindado “clado 
acintado”, que incluye los géneros Parahaplosyllis, Eurysyllis, Plakosyllis, Xenosyllis, 
Pseudosyllis, Ramisyllis, Trypanedenta, Trypanobia, y Trypanosyllis, para ahondar en el 
conocimiento de la evolución de los modos reproductivos dentro del grupo. Se incluyen 
también secuencias de la especie tipo del género Trypanobia para comprobar que se trata 
de un grupo monofilético. Además, con la descripción de un género nuevo y cinco nuevas 
especies de Trypanosyllis, se aumenta el conocimiento de la diversidad del grupo en áreas 
remotas y poco estudiadas. Nuestros resultados no son concluyentes con respecto a las 
relaciones de algunos de los géneros del “clado acintado” ni tampoco con respecto a la 
consideración taxonómica de los géneros Trypanedenta y Trypanobia, ya que ambos 
parecen ser parafiléticos. Por otro lado, respecto a la evolución de los modos de 
reproducción en el grupo, concluimos que la escisiparidad (desarrollo de un único 
estolón) es el caracter ancestral, mientras que la gemmiparidad, aparece más tarde e 
independientemente en dos clados
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Abstract 
The phylogenetic relationships in the polychaete family Syllidae within the so-called 
‘ribbon clade’, containing species in the genera Parahaplosyllis, Eurysyllis, Plakosyllis, 
Xenosyllis, Pseudosyllis, Ramisyllis, Trypanedenta, Trypanobia, and Trypanosyllis, are 
evaluated to further understand the evolution of reproductive modes in the group. 
Sequences of Trypanobia type species, Trypanobia asterobia, are also included for the 
first time, in order to assess the monophyly of the genus. In addition, morphological 
description of a new genus and five new species of Trypanosyllis are provided, increasing 
the knowledge of Syllidae diversity in remote and poorly-studied areas. Our results are 
not conclusive in the relationships between some of the genera within the ‘ribbon clade’, 
and neither in the real status of the recently erected Trypanedenta and Trypanobia genera, 
since they seem to be paraphyletic although they appear in low-supported clades. In 
contrast, we shed light into the evolution of the reproductive modes within Syllinae, 
showing that scissiparity (development of a single stolon each time) is the ancestral 
character and the gemmiparity (development of more that one stolon at the same time), 
the latter appearing twice in two independent clades. 
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Introduction 
The so-called ‘ribbon clade’ (Aguado et al. 2015a) is a group of polychaetes from 
the subfamily Syllinae containing species with flattened, ribbon-shaped bodies (San 
Martín 2003; Aguado et al. 2015a; Álvarez-Campos et al. 2016). It is thought to be 
comprised of six Syllinae genera (Aguado et al. 2015a): Parahaplosyllis Hartmann-
Schröder, 1990, Eurysyllis Ehlers, 1864, Xenosyllis Marion & Bobretzky, 1875, 
Trypanosyllis Claparède, 1864, Ramisyllis Glasby, Schroeder & Aguado, 2012, and 
Trypanobia (Imajima & Hartman, 1964). However, a recent study has provided deeper 
insight into the phylogenetic relationships within members of this clade, with at least nine 
genera that can now be ascribed to what Aguado et al. (2015a) defined as the ‘ribbon 
clade’: Parahaplosyllis, Plakosyllis Hartmann-Schröder, 1956, Eurysyllis, Xenosyllis, 
Pseudosyllis Grube, 1863, Ramisyllis, Trypanobia, Trypanedenta Imajima & Hartman, 
1964, and Trypanosyllis (Álvarez-Campos et al. 2016). The only obvious synapomorphy 
found to define the ‘ribbon clade’ was the presence of a flattened body, although this 
feature seems to have been secondarily lost in Ramisyllis, which in turn presents a 
cylindrical body (Aguado et al. 2015a; Álvarez-Campos et al. 2016). 
All members of Syllinae reproduce by schizogamy, in which a variable number 
of stolons containing the gametes are generally formed in the last segments of the adult 
body (San Martín 2003). Within the ‘ribbon clade’ there is a wide and interesting 
spectrum of different schizogamy strategies. The genera Parahaplosyllis, Ramisyllis, 
Trypanobia, and Trypanedenta can reproduce with multiple stolons, i.e. gemmiparity, 
while some species of the genera Pseudosyllis, Eurysyllis and Trypanosyllis have been 
reported to reproduce with a single stolon, i.e. scissiparity (San Martín 2003; Álvarez-
Campos et al. 2016). Within the members of genera that reproduce by gemmiparity, there 
are several and taxonomically important differences in the way they produce via multiple 
stolons. In Parahaplosyllis, the reproduction of Parahaplosyllis kumpol Álvarez-
Campos, San Martín & Aguado, 2013!showed a single origin for the stolon formation 
(segment addition zone, SAZ) and a cluster of multiple stolons arising from it (Álvarez-
Campos et al. 2013). In contrast, in Ramisyllis multicaudata Glasby, Schroeder & 
Aguado, 2012, gemmiparity occurs as only one SAZ in each of the branches, resulting in 
several SAZs per individual (Glasby et al. 2012). Recently, Álvarez-Campos et al. (2016) 
characterized the genus Trypanedenta by its chaetal features and also by its reproductive 
mode, which showed simultaneous stolons on each reproductive period arising from a 
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single or multiple SAZs. In addition, gemmiparity with several SAZs has also been 
reported in Trypanobia asterobia, where multiple stolons appear in clusters (Okada 
1933).  
Members of the genera Trypanedenta and Trypanobia can develop multiple 
stolons from several SAZs, and thus it is intriguing why Trypanedenta gigantea show a 
single SAZ that forms consecutive stolons (Álvarez-Campos et al. 2016) and why 
Trypanobia cryptica appears to reproduce by scissiparity (Aguado et al. 2015b). The 
diagnostic features delimiting Trypanobia, which appeared closely related to Ramisyllis, 
were the presence of simple thick chaetae in all parapodia, the ability to form several 
stolons during the reproduction, and the geographic distribution limited to the Indo-
Pacific (Aguado et al., 2015a). However, since Aguado et al. (2015a) did not include the 
type species of the genus, Trypanobia asterobia Okada, 1933 (designed by monotypy, 
ICZN, art 68.3, see remarks in taxonomic accounts) in their study, the real status of the 
genus Trypanobia still needs further revision. This may have implications in our 
understanding of the evolution of the reproduction in the group, since these 
‘incongruences’ in the genera Trypanobia and Trypanedenta might be due to the lack of 
resolution of the systematics of the group. Therefore, given that several reversals and 
secondary losses have been reported in many biological features of syllids before, a solid 
phylogenetic framework is needed to shed light into the evolution of reproductive traits 
in this group. 
While the genera Ramisyllis, Trypanobia, Trypanedenta, Xenosyllis, Plakosyllis, 
Eurysyllis, and Pseudosyllis contain so far a limited number of described species (less 
than 10), the genus Trypanosyllis is highly diverse, with more than 30 species (WoRMS 
Editorial Board, 2016; Álvarez-Campos et al. 2016). In addition, a recent study provided 
molecular evidences of hidden diversity in the form of cryptic speciation within the 
previously considered cosmopolitan species Trypanosyllis krohnii (Álvarez-Campos et 
al. 2016). In the same study, the observed paraphyly of Trypanosyllis lead to the 
resurrection of the genera Pseudosyllis and Trypanedenta (Álvarez-Campos et al. 2016), 
and the amended genus Trypanosyllis was characterized by the presence of falcigerous 
chaetae and reproduction by scissiparity, developing only one stolon on each reproductive 
period, although this was only observed in Trypanosyllis luzonensis (Álvarez-Campos et 
al. 2016). Whether the rest of Trypanosyllis species show scissiparity or any form of 
gemmiparity remains unknown, and therefore, more information about the reproductive 
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traits within the genus appears crucial to understand the evolution of reproduction in the 
entire subfamily.   
The aim of this study is to assess the phylogenetic relationships of the ‘ribbon 
clade’ genera Parahaplosyllis, Eurysyllis, Plakosyllis, Xenosyllis, Pseudosyllis, 
Trypanedenta, Trypanobia, and Trypanosyllis, and evaluate the monophyly of 
Trypanobia to further understand the evolution of reproductive modes in the group. To 
achieve this objective, we have analyzed a multilocus dataset (two mitochondrial and one 
nuclear markers) in 81 specimens, including a new collected specimen of the type species 
Trypanobia asterobia and 7 more new collected specimens of the ‘ribbon clade’. In 
addition, morphological description of a new genus and five new species of Trypanosyllis 
are provided.  
 
Material and methods 
Sampling and morphological examination  
Details of the collection of all the specimens used in this study are given in Table 
1 (at the end of chapter). Trypanosyllis sanchezi sp. nov. was collected at El Cachucho 
Marine Protected Area –MPA– (44º 2.97' N, 5º 2.39' W) at 525 m depth on board the 
Spanish R/V Ángeles Alvariño using the Remotely Operated Vehicle Liropus 2000. The 
only individual of T. sanchezi sp. nov. collected was found inside a specimen of an 
unidentified sponge. Once on board, the sponge was carefully dissected in order to pull 
the syllid out of it; pictures from the living worm were taken with an Olympus D60 reflex 
camera before its preservation. The syllid was preserved in 10% formalin buffered in 
seawater and later transferred to 70% ethanol for taxonomical purposes, except for several 
dorsal cirri that were preserved in 96 % EtOH for molecular purposes. Trypanosyllis 
migueli sp. nov. and Trypanosyllis devae sp. nov were loaned by the Australian Museum 
(AM), and were collected by hand in coral rubble during a AM fieldwork trip in Timor 
Island in 2012.  Both specimens were preserved 10 % formalin buffered in seawater and 
later transferred to 80 % EtOH. The rest of species, were collected in Philippines in 2010, 
and in NW Mediterranean Coast of Catalonia (Spain) in 2011 and Banyuls (France) in 
2015. All the specimens of these species were sampled by hand, snorkeling or SCUBA 
diving from the intertidal and subtidal zones in each locality (see collection data below 
and Table 1). The anterior part of the specimens was preserved in 10% formalin buffered 
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in seawater and later transferred to 70% EtOH for morphological studies while the 
posterior part was preserved in 96% EtOH for molecular analyses. The specimen of 
Trypanosyllis zebra from Grube’s collection was loaned by the Museum für Naturkunde, 
Berlin (ZMB). Further examination and identification was completed under a Nikon 
Optiphot light microscope with a differential interference contrast system (Nomarsky) at 
the Universidad Autónoma de Madrid (UAM). Using light microscopy, drawings were 
made to scale with a camera lucida attached to a Nikon Optiphot microscope. Width of 
specimens was measured at the level of the proventricle, excluding the parapodia. The 
specimens were photographed under a microscope Olympus CX41 and a light microscope 
Leica MZ 125 in the Biology Department at the UAM. For scanning electron microscopy, 
selected specimens were prepared on an Emitech K850 Critical Point Dryer, gold-coated 
with a Q150T-S Turbo-Pumper Sputter Coater and examined with a Hitachi S-3000N 
SEM at the Servicio Interdepartamental de Investigación (SIDI) of the UAM. 
 All the new-collected specimens were deposited at the Museo Nacional de 
Ciencias Naturales, Madrid (MNCN). Catalogue numbers, locality information, 
coordinates, substrates, and collecting dates, are provided in the taxonomic section and 
in Table 1. 
 
Molecular analyses  
Genomic DNA was extracted from eight new-collected individuals (Table 1) 
using the DNeasy Blood & Tissue Kit (Qiagen) and following manufacturer’s protocols. 
Fragments of the nuclear gen 18S rRNA (18S, 1,800 bp), and the mitochondrial 16S 
rRNA (16S, 470 bp) and cytochrome c oxidase subunit I (COI, 650 bp) were PCR-
amplified. The primers used were the same as those described in chapters 1.4 and 2.1. 
PCR reactions reactions consisted of 1 µL of DNA template in 10 µL reaction volumes 
containing 3.2 µL H2O, 0.4 µL of each of 10 µM primers and 5 µL of 1.25 U/µL REDEX 
Taq DNA Polymerase (Promega). The temperature profiles were the same as those 
described in chapters 1.4 and 2.1. 1.5 µL of the PCR product was used for sequencing 
using the forward primer of the primers used at the Centres Científics i Tecnologics de la 
Universitat de Barcelona (CCiT-UB) and the Servicio de Secuenciación Sanger, Unidad 
de Genómica (Universidad Complutense de Madrid). Sequences editing and alignments 
were done as is described in chapters 1.4 and 2.1.  
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Phylogenetic analyses 
In order to assess the phylogenetic relationships within the members of the ‘ribbon 
clade’ and place the new genus (Trypanoglobius gen. nov.) and three of the new 
Trypanosyllis species (T. cristoboi sp. nov., T. estebani sp. nov., and T. sanchezi sp. nov.), 
we analysed the three molecular markers (18S, 16S and COI) of these species together 
with 34 more specimens of other Trypanosyllis and Trypanobia species, and 26 
specimens of the closely related genera Eurysyllis, Plakosyllis, Xenosyllis, Pseudosyllis, 
Trypanedenta, Parahaplosyllis and Ramisyllis. Sequences of 12 species of Perkinsyllis, 
Haplosyllis, Branchiosyllis and Syllis were used as outgroups (Table 1). Selection of the 
most appropriate evolutionary model for each gene, and phylogenetic analyses (ML and 
BI) of the concatenated dataset, were developed as is described in chapters 1.4 and 2.1. 
 
Ancestral character reconstruction 
To investigate the evolution) of) reproductive) modes) in) the) group we performed 
ancestral state reconstructions on the ML topology using Mesquite vs 3.10 (Maddison 
and Maddison 2011). The reproductive strategy (scissiparity vs. gemmiparity) was coded 
binarily for the species for which such information was available (see Fig. 13). We then 
performed the reconstruction of the reproductive strategy using equally weighted 
unordered states under parsimony. 
 
Results 
Taxonomic accounts  
 
Genus Trypanedenta Imajima & Hartman, 1964 
Trypanosyllis (Trypanedenta) Imajima & Hartman, 1964 
Trypanosyllis Claparède, 1864 (partim) 
Type species: Trypanosyllis gemmipara Johnson, 1901 
 
Diagnosis. Body variable in size, with uniform yellowish coloration. Unidentate or 
bidentate chaetae, without serration in margin or with a few, minute spines. Gemmiparity 
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reproduction with clusters of several simultaneous tetraglene stolons (after Álvarez-
Campos et al., 2016).  
Remarks. Given the results obtained in our phylogenetic analyses (See phylogenetic 
results section, discussion and Fig. 12), the genus should include the recently erected 
genus Trypanobia, or in contrast, both Trypanedenta and Trypanobia should be re-
described, since they constitute paraphyletic groups as presently construed (Fig. 12). 
However, we prefer to be conservative and not carry out any taxonomic/systematic 
actions to avoid increasing the confusion in the group until further phylogenetic analyses 
including more species and a more complete data set matrix are performed in order to 
solve this conundrum.   
 
Genus Trypanobia (Imajima & Hartman, 1964) 
Fig. 1 
Trypanosyllis (Trypanobia) Imajima and Hartman, 1964 
Type species: Trypanosyllis asterobia Okada, 1933 
Diagnosis. Mid- to large-sized body, with numerous short segments and uniform 
coloration, that varies from yellowish pale to brownish (Fig. 1A–B). Simple and thick 
chaetae in all parapodia (Fig. 1E–G). Gemmiparity reproduction with clusters of several 
simultaneous tetraglene stolons (Fig. 1C–D), although at least one species in the genus 
has been reported to present scissiparity reproduction (Aguado et al. 2015b). 
Remarks. Trypanobia was considered as a subgenus within Trypanosyllis, with ribbon-
shaped species presenting only simple chaetae (Imajima and Hartman 1964). Although 
San Martín et al. (2010) considered that the differences were enough to consider it as an 
independent genus, it has only been recently since Trypanobia has been formally 
described as a genus (Aguado et al. 2015a, b). Aguado et al. (2015a,b) described it based 
on phylogenetic analyses and included considerations such as the ability to form several 
stolons during the reproduction and the geographic distribution limited to the Indo-Pacific 
(Aguado et al. 2015a). However, Aguado et al. (2015b) considered erroneously the type 
species of the genus as being Trypanobia depressa (Augener 1913), following San Martín 
et al. (2010). In fact, the type species of the genus is Trypanobia asterobia Okada, 1933 
(designed by monotypy, ICZN, art 68.3). In light of our phylogenetic results, both 
Trypanedenta and Trypanobia seem to be paraphyletic (Fig. 12), and therefore they 
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should be re-described, or in contrast, be considered as the same genus (see phylogenetic 
results and discussion). Up to now, there are only four species within Trypanobia: T. 
asterobia Okada, 1933, (Okada, 1933), T. depressa (Augener, 1913), T. foliosa Imajima, 
2003, and T. cryptica Aguado, Murray & Hutchings, 2015.  
Distribution. Indo-Pacific (Australia, Japan). 
 
Figure 1. Light microscopy pictures of Trypanobia asterobia. A, Complete specimen from Misaki, Japan. 
B, Complete specimen from Goto Islands, Japan. C, Detail of the stolons cluster arising from different 
SAZs. D, Detail of stolons cluster in ventral view, showing the anterior part of most developed stolons. E, 
Anterior chaetae. F, Midbody chaetae. G, Posterior chaetae. 
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Genus Trypanoglobius gen. nov. Álvarez-Campos, Taboada, San Martín, Leiva & 
Riesgo 
Figs. 2, 3 
Type species. Trypanoglobius martini sp. nov. 
Diagnosis. Small sized body, with numerous short segments and uniform coloration; 
black spots on several articles of dorsal cirri (Fig 2A). Numerous minute epidermal 
granules covering dorsal and ventral surface, densely distributed mainly in the dorsum 
(Fig. 3A); some bigger papillae, spine-like shaped on the posterior part of each segment 
as well as on the cirropohores (Figs. 2C, 3A). Simple unidentate thick chaetae, all 
similar throughout body, slightly curved, with a short triangular basal spur (Fig. 2E, F, 
G, 3B).  
Remarks. The new genus Trypanoglobius gen. nov. shares several morphological 
characters with the other members of the ‘ribbon clade’, except for the presence of its 
characteristic numerous epidermal granules and the papillae/spines found on its dorsal 
and ventral surfaces. The reproductive mode of this new species could not be reported 
since the specimen was not collected during the stolonization process, but we 
hypothesize that it is probably by means of several stolons, like most of its relatives 
within the ‘ribbon clade’ (see phylogenetic results and Fig. 12). The results obtained in 
our phylogenetic analyses confirm it is a new and well supported genus.  
Distribution. Only known from the type locality.  
Etymology. The name derives from the presence of the globular epidermal granules on 
its surface.  
 
Trypanoglobius martini sp. nov. Álvarez-Campos, Taboada, San Martín, Leiva & 
Riesgo 
Figs. 2, 3 
Material examined. Holotype. Philippines: 1 specimen in 96% EtOH Luzón Island, between 
Balayan Bay and Batangas Bay, “Mainif point” (13.68, 120.855556), coral rubble, 2 m, 8 Dec 
2010. 
Diagnosis. Since the genus is monotypic, it is the same as in Trypanoglobius gen. nov. 
diagnosis.   
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Description. Holotype 4 mm long, 1.5 mm wide, with 33 chaetigers. Body strongly 
dorso-ventrally flattened, ribbon-like (Fig. 2A), slightly convex ventrally, with numerous 
short and wide segments. Coloration uniform, yellowish pale. Numerous, minute, 
rounded epidermal granules covering dorsum and a row of triangular, acute spines on 
posterior part of each segment as well as on cirropohores (Figs. 2C, 3A); ventral surface 
also papilated; ventral papillae, smaller and not so densely distributed (Fig. 2B). Oval 
anteriorly and posteriorly bilobed prostomium, with two pairs of eyes in trapezoidal 
arrangement (Fig. 2A). Oval palps short, ventrally directed, completely separate (Fig. 
2B). Antennae all detached, originating on anterior margin of prostomium (Fig. 2A). 
Segment 1 smaller than subsequent segments, partially covered by the first chaetiger and 
only visible laterally and ventrally, with a small spinose dorsal flap (Fig. 2A).  Dorsal 
enlarged anterior cirri with about 22 articles distinctly longer than ventral ones, with 13 
articles (Figs. 2A, B). Cirrophores well developed, markedly spinous. Dorsal cirri short 
and thick, lacking on several segments, with about 13–16 articles, with dark spots on 
some articles (Fig. 2A). Parapodia distally bilobed, with anterior and posterior digitiform 
lobes (Fig. 2A). Ventral cirri digitiform. Simple unidentate thick chaetae, all similar 
throughout body, slightly curved, with a short triangular basal spur (Figs. 2F–H, 3B), 
about 5–6 per parapodium (Fig 3B); 2 dorsal longer and slender than others (Fig. 2F, 3C), 
2–3 medium shorter (Fig. 2G), and 1–2 ventral shorter and slightly thicker (Fig. 2H). 
Aciculae slender, straight and acutely pointed (Fig. 2I, J), 4 anteriorly (Fig. 2I), and two 
posteriorly, slightly thicker (Fig. 2J). Pharynx long and slender, through about 13 
segments; trepan with 11 teeth (Fig. 2D), surrounded by a crown of 10 soft papillae (Fig. 
2E). Proventricle short, slender, through about 5 segments, with about 15–20 muscle cell 
rows.  
Remarks. Trypanoglobius martini sp. nov. differs from all the known species of the 
‘ribbon-clade’ by its dense small epidermal granules and the triangular acute 
papillae/spines on the posterior margin of segments and the cirrophore. Although it 
presents similar pseudo-simple chaetae than Trypanobia species, the presence of this kind 
of chaetae has been already reported in several other genera within Syllinae as an 
adaptation to the symbiotic life or to inhabiting hard substrates (i.e. Martin et al. 2002, 
Simon et al. 2014) 
Type locality. Batangas Bay, Luzón Island (Philippines) 
Habitat. Coral rubble and Halimeda sp., 2–3 m depth  
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Distribution. Only known from the type locality. 
Etymology. Named after ST and AR beloved son, Martín Taboada Riesgo, who was born 
while the work on the description of the species was carried out.  
 
 
Figure 2. Line drawings of Trypanoglobius martini sp. nov. Holotype. A, Anterior part. B, Detail of 
prostomiun, ventral view. C, Detail of granules and papillae/spines on dorsum. D, Trepan. E, Pharynx. F, 
Anterior chaetae. G, Midbody chaetae. H, Posterior chaetae. I, Aciculae of anterior parapodia. J, Aciculae 
of posterior parapodia.
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Figure 3. Scanning Electron micrographs of Trypanoglobius martini sp. nov. A, Detail of granules and 
papillae/spines on dorsum. B, posterior chaetae 
 
 
Genus Trypanosyllis Claparède, 1864 
Trypanosyllis Claparède, 1864. 
Parautolytus Pillai, 1965. 
Type species. Trypanosyllis krohnii Claparède, 1864 
Diagnosis. Mid-sized body, with numerous short segments and coloration variable, with 
species with uniform coloration to species with brown transverse stripes or bands across 
anterior and midbody segments. Pharynx provided with trepan and in some species a mid-dorsal 
tooth. Compound chaetae with falcigerous blades, with simple dorsal and ventral capillary 
chaetae. Scissiparity (schizogamy) reproduction, presenting cephalous stolons with two pairs of 
eyes, without antennae (see Álvarez-Campos et al. 2016).  
 
Trypanosyllis cristoboi sp. nov. Álvarez-Campos, Taboada, San Martín, Leiva & 
Riesgo 
Figs. 4, 5 
Material examined. Holotype. Philippines: 1 specimen in 96% EtOH (MNCN 16.01/16056), 
Luzón Island, “Sepok point”, between Balayan Bay and Batangas Bay (13.683889, 120.895833), 
coral rubble, 6 m, 10 Dec. 2012, leg. G. San Martín and Project CGL2009-12292 BOS collecting 
team. Paratypes. Philippines: 1 specimen in 10% formaline, Palawan Island, El Nido (11.197222 
119.317222), coral rubble, 12 m, 18 Dec 2010. 
Diagnosis. Slender body with a diffuse red band on each segment (Fig. 4A, B). Bidentate 
compound chaetae with long blades and another shorter ones almost unidentate, all with 
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minute spines on margin (Fig. 4C–E, 5C–E). 
Description. Holotype 12 mm long, 0.5 mm wide, 110 chaetigers. Body long, dorso-
ventrally flattened, slender (Figs. 4A, B, 5A). Color pattern as a single wide, dorsal, red 
transversal diffuse band on each segment, also present on posterior segments, triangular 
on most anterior segments, and a dark red spot on long dorsal cirri, short cirri yellowish, 
pale (Fig. 4A, B).  Oval posteriorly bilobed prostomium, with two pairs of eyes in 
trapezoidal arrangement (Fig. 4A, B, 5A). Oval palps slightly shorter than prostomium, 
completely separated. Nuchal organs as two semicircular areas, densely ciliated, 
surrounding prostomial lobes. Segment 1 smaller than subsequent segments, sometimes 
partially covered by nuchal organs of prostomium. Antennae originating on anterior 
margin of prostomium, median antenna long, with about 25 articles; lateral antennae 
distinctly shorter, with about 18 articles. Dorsal anterior cirri longer than antennae, with 
about 30 articles, distinctly longer than ventral ones, with about 16 articles. Dorsal cirri 
alternating long (25–30 articles) and short (15–17 articles) (Figs. 4A, B, 5A); all dorsal 
cirri shorter on posterior parapodia (about 10 articles). Ventral digitiform cirri, shorter 
than parapodia. Compound bidentate, heterogomph falciger chaetae, about 9–11 per 
parapodium. All chaetae similar throughout body, with both teeth similar in length and 
very short spines on margin. Ventral chaetae, distinctly shorter, 1–3 per parapodium, from 
indistinctly bidentate to almost unidentate on posterior parapodia (Figs. 4C–E, 5C–E). 
Blades of anterior dorsal chaetae larger than those from midbody and posterior parapodia 
(Figs. 4C–E, 5C–E). All the aciculae thick, acutely pointed; 3 anteriorly (Fig. 5F), 2 on 
midbody (Fig. 5G), 1 posteriorly (Fig. 5H). Dorsal and ventral simple chaetae not seen. 
Pharynx through about 8 segments; trepan with 10 large teeth (Fig. 5B). Proventricle 
through 8 segments, with about 36 muscle cell rows (Fig. 5A).  
Remarks. Its slender body differs from other species of the genus and also the color 
pattern is different since Trypanosyllis cristoboi sp. nov. possessed a single wide red band 
on each segment. The species also presented compound some chaetae with elongated 
bidentate blades, and other much shorter, that vary from slightly bidentate to almost 
unidentate. The most similar species is T. luzonensis, but it has a distinctly wider body, 
with 2 dorsal red stripes per segment, and presents shorter blades in anterior segments 
(Álvarez-Campos et al. 2016). Trypanosyllis cristoboi sp. nov. and T. luzonensis shared 
the presence of almost unidentate compound chaetae in the most posterior parapodia, but 
the latter presented both shaft and blades considerably wider. Trypanosyllis aurantiacus,   
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Figure 4. Light microscopy pictures and scanning electron micrographs of Trypanosyllis cristoboi sp. nov. 
A, Holotype, anterior part. B, Paratype, anterior part. C, SEM micrographs of the most anterior chaetae of 
paratype. D, SEM micrographs of the midbody chaetae of paratype. E, SEM micrographs of the most 
posterior chaetae of paratype. 
 
from Brazil, has a similar body-shape, not so wide and flattened, but it lacks the 
distinctive coloration and it presents shorter and bidentate chaetae (Nogueira & Fukuda, 
2008). 
Type locality. Batangas Bay, Luzón Island, Philippines (Indo-Pacific Ocean). 
Habitat. Coral rubble, 6–12 m depth.
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Figure 5. Line drawings of Trypanosyllis cristoboi sp. nov. paratype. A, Anterior part. B, Pharynx showing 
the papillae and the trepan. C, Anterior chaetae. D, Midbody chaetae. E, Posterior chaetae. F, Aciculae of 
anterior parapodia. G, Aciculae of midbody parapodia. H, Aciculae of posterior parapodia. 
 
Distribution. Only known from the type locality.  
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Etymology. Named after Dr. Javier Cristobo, renowned spongiologist colleague and good 
friend, after his invaluable help and support during several scientific cruises. 
 
Trypanosyllis devae sp. nov. San Martín & Álvarez-Campos 
Fig. 6 
Material examined. Holotype. Timor Island: 1 specimen in 10% formaline (AM W.45652), 
Timor-Leste, off Metinaro, "no-name" reef (–08.506, 125.766111), coral rubble, 22 Sep 2012. 
Diagnosis. Large-sized body, with numerous short segments and yellowish pale 
coloration with a wide reddish band on anterior segments. Dorsal bidentate falcigers with 
really separated teeth and abundant minute spines on margin and ventral unidentate 
falcigers, hook-like shape and smooth on margin (Fig. 6D, E).  
Description. Holotype 25 mm long, 1.6 mm wide, 160 chaetigers. Body long, dorso-
ventrally flattened, wide, ribbon-like (Figs 6A). Coloration yellowish pale, with a wide 
reddish band, on anterior segments. Oval posteriorly bilobed prostomium, with two pairs 
of eyes in trapezoidal arrangement (Fig. 6A). Oval palps similar in length to prostomium, 
completely separated (Fig. 6A). Antennae originating on anterior margin of prostomium; 
median antenna long, with about 40 articles, longer than lateral ones, with about 23 
articles (Fig. 6A). Nuchal organs as two densely ciliated semicircular areas, extending on 
prostomium, surrounding prostomial lobes. Segment 1 smaller than subsequent segments, 
partially covered by the nuchal lobes of prostomium. Dorsal enlarged anterior cirri longer 
than antennae, with about 45 articles, distinctly longer than ventral ones, with about 23 
articles (Fig. 6A). Dorsal cirri alternating in anterior and midbody parapodia, long with 
about 47-50 articles (but the most anterior ones up to 92 articles) and short with about 
20–22 articles (Figs. 6A, C). Parapodia with 1 anterior, digitiform lobe, and 1 shorter 
bilobed posterior lobe (Fig. 6C). Ventral cirri digitiform. Compound bidentate and 
unidentate heterogomph falciger chaetae, about 10 per parapodium on anterior segments, 
diminishing to 6 on posterior parapodia. All chaetae similar throughout body, dorsal 
chaetae bidentate with both teeth very separated, proximal one smaller than distal one, 
and several, minute spines on margin; ventral chaetae unidentate curved, hooked-like, 
with smooth margins (Figs. 6D, E). Usually 4–6 bidentate chaetae and 2–4 unidentate per 
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Fig. 6. Line drawings of Trypanosyllis devae sp. nov. holotype. A, Anterior part. B, Pharynx showing the 
papillae and the trepan. C, Detail of midbody parapodia. D, anterior chaetae. E, Posterior chaetae. F, Ventral 
simple chaetae of posteriormost segments. G, Aciculae of posterior parapodia 
 
parapodium (Figs 6D, E). Bidentate ventral simple chaetae on most posterior parapodia, 
distally curved (Fig. 6F). Aciculae thick, acutely pointed (Fig. 6G), 3 anteriorly, 2 on 
midbody, 1 posteriorly. Pharynx long, through about 9 segments, partially everted; trepan 
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with 10 large teeth (Fig. 6B), surrounded by a crown of 14 soft papillae. Proventricle 
through 9–10 segments, with about 35 muscle cell rows. Pygidum small, with 2 long and 
slender anal cirri, with about 50 articles. Stolons unkown, although the last chaetigers 
seems to be starting the stolonization process. 
Remarks. Trypanosyllis devae sp. nov. is unique among all other species of the genus 
due to the shape of its compound chaetae, mostly bidentate, with both teeth well separated 
and curved area between both teeth, and wide blades, becoming smooth, hooked and 
unidentate ventrally.  
Type locality. Timor Island (Indo-Pacific Ocean). 
Habitat. Coral rubble. 
Distribution. Only known from the type locality.  
Etymology. Named after beloved GSM granddaughter, Deva Moreno San Martín who was born 
during the development of this paper. 
 
 
Trypanosyllis estebani sp. nov. Taboada & Álvarez-Campos 
Fig. 7, 8 
Type material examined. Holotype. Spain, Catalonia:  1 specimen in 96% EtOH (MNCN 
16.01/16065), Girona, Cap de Creus (42.320278, 3.320556), calcareous algae close to 
Paramuricea clavata, 40 m, 16 Sep. 2011. Paratypes. Spain, Catalonia:  1 specimen mounted 
for SEM (MNCN 16.01/16067), 1 specimen (MNCN 16.01/16064) and 1 stolon (MNCN 
16.01/16068) in 96% EtOH, Girona, Cap de Creus (42.320278, 3.320556), calcareous algae, 36 
m, 16 Sep. 2011.  
Diagnosis. Small-sized specimens, with color pattern as two red-brown transverse stripes 
across anterior segments, both similar in width and length (Fig. 7A, B). Anterior enlarged 
cirri long and slender, with about 48–50 articles; dorsal cirri longer alternating in length, 
long cirri with 40–42 articles and short cirri with 23–24 articles (Figs. 7A, B, 8A). 
Scissiparity (schizogamy) with cephalous stolons with a pair of big red eyes.
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Figure 7. Light microscopy picture and scanning electron micrographs of Trypanosyllis estebani sp. nov. 
A, Holotype, anterior part. B, Paratype, anterior part. C, SEM micrographs of the most anterior chaetae of 
paratype. D, SEM micrographs of the midbody chaetae of paratype. E, SEM micrographs of the most 
posterior chaetae of paratype. 
 
 
Description. Holotype 6 mm long, 0.7 mm wide, 82 chaetigers. Body coloration white 
pale with two red-brown transverse stripes across anterior segments, both similar in width 
and length (Figs. 7A, B). Oval prostomium with two pairs of dark brown eyes in 
trapezoidal arrangement (Figs. 7A, B, 8A). Oval palps shorter than prostomium, 
completely separated. Nuchal organs not seen. Segment 1 slightly smaller than 
subsequent segments; antennae originating on anterior margin of prostomium, median 
antenna with about 30 articles; lateral antennae slightly shorter, with 23–25 articles (Fig. 
7A). Dorsal anterior cirri longer than antennae, with about 50 articles, much longer than 
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ventral ones, with about 30 articles. Dorsal cirri alternating long (40–42 articles) and short 
(23–24 articles). Dorsal cirri of the most anterior segments, similar in length to the longest 
dorsal cirri, with 42 articles (Figs. 7A, B, 8A). Ventral cirri digitiform, shorter than 
parapodia. Compound bidentate, heterogomph falciger chaetae with spines on the margin, 
about 7–9 on anterior parapodia (Fig. 7C) and about 6 in midbody and posterior parapodia 
(Fig. 7D, E) similar throughout body, except in posteriormost parapodia, with slightly 
shorter blades (Fig. 7E). Two to three thick aciculae, acutely pointed in all segments. 
Bidentate ventral simple chaetae on posterior parapodia (Fig. 7E). Pharynx through 13 
segments, proventricle through 18 segments, with about 32 muscle cell rows.  
Reproduction. Scissiparity (schizogamy); cephalous acerous stolon with a pair of big red 
eyes, 3 mm long. 1 mm wide, 21 segments. The specimen, fixed in 96 % EtOH is dry and 
the color is brown.  
Remarks. This is the only species of the previously considered Trypanosyllis krohnii 
complex (Álvarez-Campos et al. 2016) that presents simple chaetae in the posteriormost 
parapodia. Furthermore, although the type species T. krohnii presents a similar striped 
pattern, T. estebani sp. nov. has a considerably narrower body and much longer dorsal 
cirri (Álvarez-Campos et al. 2016). In addition, although both species occur sympatrically 
in the Catalan Coast (N-W Mediterranean), specimens of T. estebani sp. nov. inhabit only 
subtidal (36–40 m) calcareous algae, while T. krohnii appears to be restricted to shallower 
infralittoral waters in association to algae and epifauna on mussels (sponges, hydroids, 
etc.). 
Type locality. Cap de Creus, Girona, Spain. 
Habitat. Calcareous algae close to Paramuricea clavata, 40 m depth. 
Distribution. Only known from the type locality. 
Etymology. Named after Esteban Bordallo Baltrons, ST stepfather, beloved friend and 
extremely generous person, who devoted his life to enjoy the sea and its creatures and 
passed away in 2015. 
 
Phylogeny flattened syllids                                                                  Chapter 2.2!
!334
 
 
Figure 8. Line drawings of Trypanosyllis estebani sp. nov. holotype. A, Anterior part. B, Pharynx with 
trepan. 
 
 
Trypanosyllis migueli sp. nov. San Martín & Álvarez-Campos 
Fig. 9  
Material examined. Holotype. Timor Island: 1 specimen in 10% formaline (AM W45753). 
Timor-Leste, east of Cape Fatucama, 300m off Jesus Backside Beach (–08.5208, 125.6127778), 
coral rubble, 19 Sep 2012 
Diagnosis. Mid-sized body, with numerous short and large segments and yellowish pale 
coloration. Dorsal compound falcigers with blades partially fused (Fig. 9F, G) and ventral 
pseudosimple chaetae that have lost the blast, and only remains the enlarged shafts (Fig. 
9F, G). 
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Description. Holotype 16 mm long, 1.8 mm wide, with 87 chaetigers. Body relatively 
short and wide, dorso-ventrally flattened, ribbon-like, with numerous short and large 
segments (Fig 9A). Coloration yellowish. Oval posteriorly bilobed prostomium with two 
pairs of eyes in trapezoidal arrangement (Fig. 9A). Oval palps slightly shorter than 
prostomium, completely separated. Antennae originating on anterior margin of 
prostomium (Fig. 9A); median antenna short, with about 20 articles, slightly shorter than 
lateral ones, with about 24 articles. Segment 1 smaller than subsequent segments. Dorsal 
enlarged anterior cirri longer than antennae, with about 35–37 articles, slightly longer 
than ventral ones, with 20 articles (Fig. 9A). Dorsal cirri alternating in anterior and 
midbody parapodia, long with about 30 articles (but the most anterior ones up to 110 
articles) and short with about 15 articles (Figs. 9A, C–E). Ventral cirri digitiform, slightly 
longer than parapodial lobes (Figs. 9C). Compound and pseudosimple chaetae, about 12 
per parapodium on anterior and midbody segments, diminishing to 6–8  on posterior 
parapodia. All chaetae similar throughout body, 2–3 dorsal unidentate compound chaetae, 
with short and smooth blades partially fused to shafts (Figs. 9F, G), remaining chaetae 
pseudosimple, by losing of blades, with enlarged shafts (Figs. 9F, G). Aciculae thick, 
acutely pointed (Figs. 9H–J), 4 anteriorly (Fig. 9H), 2 on midoboy (Fig. 9I), 1 posteriorly 
(Fig. 9J). Pharynx long, through about 10–11 segments; trepan with 10 teeth, surrounded 
by a crown of more than 20 papillae (Fig. 9B). Proventricle long and slender, through 11 
segments, with about 30 muscle cell rows. Pygidium small, with 2 slender anal cirri, with 
about 30 articles. 
Remarks. Trypanosyllis migueli sp. nov.  is unique among all other species of the genus 
due to its chaetae. Only Trypanosyllis inglei Perkins, 1981, from Florida, USA, has some 
similar pseudosimple chaetae with total or partial fusion of shafts and blades, smooth and 
distally unidentate, but T. inglei has also compound chaetae with short, unidentate blades 
(Perkins, 1981), instead of the pseudosimple chaetae by lose of blades in Trypanosyllis 
migueli sp. nov. In addition, T. inglei has shorter dorsal cirri, with few articles (Perkins, 
1981), contrasting with the alternation of long and short cirri observed in Trypanosyllis 
migueli sp. nov. A similar kind of pseudo-simple chaetae by loss of blades is present in 
some species of other Syllinae genera such as Syllis, Parasphaerosyllis, and 
Opisthosyllis: Syllis amica Quatrefages, 1865, from NE Atlantic and Mediterranean Sea; 
Syllis ferrani Alós & San Martín, 1987, from the Mediterranean; Syllis elongata (Johnson, 
1901), from American Pacific coasts; Syllis magdalena Wesnberg-Lund, 1962 from Chile 
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and Perú; Syllis amicarmillaris Simon, San Martín & Robinson, 2014, from South Africa; 
Opisthosyllis japonica Imajima, 1966, from Japan and Australia; Opisthosyllis simpliseta 
Hartmann-Schröder, 1981, from Australia; and Parasphaerosyllis malimali Capa, San 
 
 
Figure 9. Line drawings of Trypanosyllis migueli sp. nov. holotype. A, Anterior part. B, Pharynx showing 
the papillae and the trepan. C, Detail of midbody parapodia. D, detail of long dorsal cirri. E, Detail of short 
dorsal cirri. F, Anterior chaetae. G, Posterior chaetae. H, Aciculae of anterior parapodia. I, Aciculae of 
midbody parapodia. J, Acicula of posterior parapodia. 
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Martín & López, 2001 from Panamá. The presence of these pseudo-simple chaetae may 
be an adaptation to live in hard substrates (Simon et al. 2014).   
Type locality. Timor Island (Indo-Pacific Ocean). 
Habitat. Coral rubble. 
Distribution. Only known from the type locality.  
Etymology. Named after beloved GSM grandson, Miguel Moreno San Martín. 
 
Trypanosyllis sanchezi sp. nov. Álvarez-Campos, Taboada, San Martín, Leiva & 
Riesgo 
Figs. 10, 11 
Type material examined. Holotype. El Cachucho MPA, Cantabrian Sea (Spain): 1 specimen in 
10% formaline, 525 m depth (44.04950, -5.0398333), inside an unidentified sponge occurring on 
a rocky bathyal bottom associated to a facies of Paramuricea cf. placomus, 14 June 2014. 
Diagnosis. The species is unique by its large size, its close association to sponges, and by 
its trepan that presents inside a crown of small denticles, directed backwards (Fig. 11F, 
G) 
Description. Holotype almost complete specimen, lacking only posteriormost segments 
and pygidium, broken in four pieces, with 196 mm long, 4.5 mm wide (at proventricular 
level) and 7 mm of maximum width in posteriormost segments, with 485 chaetigers. Body 
white pale to yellowish, with two reddish-brown transverse stripes across anterior 
segments, both similar in width and length (Figs. 10A, B, 11A, B); a spot of same color 
ventrally, at the base of parapodia (Figs. 11D, E). Dorsal cirri pink (Figs. 10A–C). Oval 
prostomium, with two pairs of dark brown eyes in trapezoidal arrangement (Figs. 10A, 
11A). Oval palps shorter than prostomium, completely separate. Nuchal organs not seen. 
Antennae detached, originating on anterior margin of prostomium (Fig. 11A). Segment 1 
smaller than subsequent segments. Dorsal enlarged anterior cirri also detached. Dorsal 
cirri alternating in anterior and midbody parapodia, long with about 70–80 articles and 
short with about 45–50 articles (Fig. 11C, D). Ventral cirri digitiform, shorter than 
parapodia (Figs. 11D, E). Compound bidentate, heterogomph falciger chaetae with short 
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spines on the margin (Figs. 10D, E, 11H–J), about 18–20 on anterior parapodia (Figs. 
10D, 11H) diminishing to 10 on midbody and posterior parapodia (Figs. 10E, 11I, J) 
 
Fig. 10. Light microscopy picture and scanning electron micrographs of Trypanosyllis sanchezi sp. nov. 
holotype. A, Anterior part. B, Midbody part. C, Most posterior part. D, SEM micrographs of the most 
anterior chaetae. E, SEM micrographs of the midbody chaetae. F, SEM micrographs of aciculae of midbody 
parapodia. G, Unidentified sponge where Trypanosyllis sanchezi sp. nov. was collected living within its 
channels. 
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similar throughout body. Two to three aciculae acutely pointed on each parapodia (Fig. 
10F). Large pharynx and proventricle similar in length, through about 22 segments.  
Trepan of 10 large, distally blunt teeth, surrounded by numerous soft papillae (about 20); 
inner side of pharyngeal opening provided with numerous small denticles, irregularly 
distributed, of different sizes and posteriorly directed (Figs. 11F, G). Proventricle with 
about 37 muscle cell rows. 
Remarks. Trypanosyllis sanchezi sp. nov. is probably the largest syllid reported so far. 
According to San Martín & Aguado (2014), the previous longest recorded syllid was 
Megasyllis corruscans (Haswell, 1885), an Australian species which reaches up to 140 
mm in length and 5 mm in width, for 150–200 segments and Trypanedenta gigantea 
(McIntosh 1885) from Antarctica, which may reach 90 mm in length and 7 mm in width. 
Trypanosyllis sanchezi sp. nov. is almost 200 mm long, 7 mm of maximum width, and it 
presents almost 500 chaetigers. Furthermore, T. sanchezi sp. nov. is unique because of its 
close association to an unidentified sponge (Fig. 10G). Although some other species of 
the ‘ribbon clade’ have been reported associated to sponges (i.e. San Martín, 2003; 
Aguado et al., 2015b), this is the first report of a Trypanosyllis species living within the 
exhalant canals of a sponge. The unusual backwards disposition of the denticles in the 
trepan T. sanchezi sp. nov. and its possible relationship with its life in and/or in 
association with sponges remains to be studied.  
Type locality. El Cachucho MPA in the Cantabrian Sea at 525 m depth. 
Habitat. Inside the exhalant canals of an unidentified sponge in a rocky bathyal bottom 
associated to a facies of Paramuricea cf. placomus. 
Distribution. Only known from the type locality. 
Etymology. The species is named after Dr. Francisco Sánchez, researcher from the 
Instituto Español de Oceanografía (IEO) and a pioneer of researches directed to 
characterize the deep waters of El Cachucho MPA, showing gratitude for his invitation 
to ST to participate during the ESMAREC-0514 cruise where this sample was collected.  
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Fig. 11. Line drawings of Trypanosyllis sanchezi sp. nov. holotype. A, Anterior part. B, detail of midbody 
segments. C, Detail of long dorsal cirri. D, Detail of short dorsal cirri on anterior segments. E, Detail of 
short dorsal cirri on posterior segments. F, Pharynx showing the papillae and the trepan. G, Detail of the 
crown of small denticles present in the trepan. H, Anterior chaetae.I, Midbody chaetae. J, Posterior chaetae. 
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Phylogenetic and ancestral character reconstruction  
The concatenated dataset was comprised of 3074 bp (COI dataset consisted of 624 
bp, the 18S of 1926 bp, and the 16S of 428 bp). The phylogenetic trees obtained with ML 
and BI recovered identical topologies, varying only in the support values for each 
analysis, slightly higher in BI (Fig. 12). In our results, all genera analyzed were robustly 
supported and they all were monophyletic except for Trypanobia and Trypanedenta. The 
‘ribbon clade’ was relatively well supported and comprised by ten different genera: 
Parahaplosyllis, Pseudosyllis, Plakosyllis, Eurysyllis, Xenosyllis, Ramisyllis, 
Trypanoglobius gen. nov., Trypanobia, Trypanedenta, and Trypanosyllis. The earliest 
branching genus within the ribbon clade was Parahaplosyllis, followed by a well 
supported Pseudosyllis. Then, three genera comprised a well supported clade, Plakosyllis, 
Eurysyllis, and Xenosyllis, which was the sister group to the clade containing Ramisyllis, 
Trypanoglobius gen. nov., Trypanobia, Trypanedenta, and Trypanosyllis. The clade 
containing Ramisyllis, Trypanoglobius gen. nov., Trypanobia, and Trypanedenta was 
robustly supported by both ML and BI, but the internal relationships of the clade were 
not supported. Within the clade, Ramisyllis and Trypanoglobius gen. nov. branched 
earlier than Trypanobia and Trypanedenta, which formed a moderately supported clade 
in which neither of those genera were monophyletic, while the type species of 
Trypanedenta, T. gemmipara, clustered with Trypanobia depressa and Trypanobia 
cryptica, and the type species of Trypanobia, T. asterobia, clustered with Trypanedenta 
gigantea (Fig. 12).  
The genus Trypanosyllis formed a well supported monophyletic clade that 
contained 11 described species and two lineages identified as T. cf krohnii (Fig. 12). The 
new species T. cristoboi sp. nov. was the most basal species within Trypanosyllis, while 
the other two new species T. sanchezi sp. nov. and T. estebani sp. nov. branched more 
internally within the clade: T. sanchezi sp. nov. clustered with T. aeolis with moderate 
support only in the BI analysis and T. estebani sp. nov. formed a clade with T. krohnii 
with robust support (Fig. 12).  
  Our results for the ancestral character reconstruction using a parsimony model 
showed evidence of the ancestry of scissiparity for the ribbon clade, with shifts to 
gemmiparity in the genera Parahaplosyllis, Ramisyllis, Trypanobia and Trypanedenta. 
Interestingly, in Trypanobia cryptica there is apparently a character reversal to 
scissiparity (Fig. 13). 
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Fig. 12. Phylogenetic relationships of the ‘ribbon clade’ inferred from the Maximum likelihood (ML) 
analysis of the three concatenated genetic markers (18S rRNA, 16S rRNA, and COI). Numbers above 
branches indicate bootstrap support values (only BS >70% are indicated) and posterior probabilities support 
values (only PP >0.90 are indicated). 
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Fig. 13. Ancestral state reconstruction of scissiparity and gemmiparity characters within the studies group,  
 
 
Discussion 
The results obtained in our study contribute to the knowledge of the biodiversity 
of the Syllinae by increasing the number of species and genera contained in the subfamily: 
we erected a new genus, Trypanoglobius gen. nov., with a unique species T. martini sp. 
nov., and five more new species of Trypanosyllis are also described. Interestingly, two of 
the Trypanosyllis species (T. estebani sp. nov. and T. sanchezi sp. nov.) belonged to the 
group of stripped-colored species that was previously considered a species complex (see 
Álvarez-Campos et al. 2016). Once again, our results showed the still hidden diversity 
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within Syllidae due to the lack of taxonomical and phylogenetic studies of the family in 
so far remote and understudied areas.  
Our study also suggests that the relationships within the ‘ribbon clade’ are still 
poorly understood and we emphasize the need for further morphological and phylogenetic 
analyses, including more species/specimens and molecular markers, to resolve several 
open questions. For instance, the relationships between the genera of the clade containing 
Trypanoglobius gen. nov., Ramisyllis, and Trypanedenta/Trypanobia are still unclear 
(Fig. 12), as well as the real status of the recently erected Trypanedenta and Trypanobia 
genera. After our morphological examination, we have not observed any morphological 
feature that could be proposed as a synapomorphy to join Trypanendenta and Trypanobia 
species in a single genus (see taxonomic accounts). Therefore, the most reasonable 
hypothesis may be that Trypanedenta/Trypanobia is comprised of at least two still not 
well-supported genera, that should be re-described properly in the future. 
In addition, even though we found that the genus Ramisyllis was highly divergent 
(showing a long branch in our phylogenetic results, Fig. 12), such divergence was not as 
acute as the one presented in Aguado et al. (2015). This could be due to the fact that we 
did not include the complete 18S rRNA marker deposited in GenBank by Aguado et al. 
(2015), since we noticed that the first 800 bp blasted with Fungi and Cnidaria and never 
with syllids. The same was applied to the 18S marker of Trypanobia cryptica. 
Our results also shed light into the evolution of the reproductive modes within 
Syllinae. Our ancestral reconstruction of the two types of schizogamy present in the 
group, scissiparity and gemmiparity, showed that the ancestral character for the entire 
group was scissiparity (development of one stolon), whereas gemmiparity (development 
of more that one stolon at the same time) appears later and independently in two clades 
(Fig. 13), in agreement with Gidholm (1963) and Nygren and Sundberg (2003). However, 
it is important to note that the gemmiparity reproductive mode reported here is not the 
identical for all the genera: while in Parahaplosyllis or Ramisyllis the origin of the stolons 
is in a single SAZ (Glasby et al. 2012; Álvarez-Campos et al. 2013), the clusters of 
stolons in some Trypanedenta and Trypanobia species arise from multiple SAZs (Okada 
1933), except for Trypanedenta gemmipara, whose stolons develop from a single SAZ 
(Álvarez-Campos et al. 2016). Therefore, although Syllidae is an exceptionally diverse 
annelid group in terms of reproductive strategies (Franke, 1999; Malaquin, 1893; Nygren, 
1999; Potts, 1911), providing a promising model for studying the evolution of 
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reproductive systems (Nygren & Sundberg, 2003), it is also clear that the reproductive 
mode seems to be a very labile character within the group, given the numerous changes 
and reversions in their reproductive strategies observed across their evolution.   
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Resumen 
En este trabajo se evalúa la diversidad de silidos asociados a la macroalga Lessonia 
spicata en la costa central de Chile. Se han encontrado doce especies pertenecientes a los 
géneros Syllis, Amblyosyllis, Proceraea y Salvatoria, dentro de las cavidades de 14 
rizomas recolectados en zonas intermareales y submareales de playas rocosas expuestas. 
Además, se han descubierto 3 especies nuevas, Syllis albae sp. nov., Syllis tamarae sp. 
nov. y Syllis tripantu sp. nov, que se describen detalladamente, evaluándose además su 
posición filogenética. Asimismo, se aportan nuevos datos ecológicos y biogeográficos, 
incluyendo una actualización de los límites de distribución y preferencias de sustrato, de 
todas las especies identificadas.  Este estudio remarca la importancia de los rizomas de 
las macroalgas como hot-spots de biodiversidad de sílidos de la zona, y sugiere su estudio 
como herramienta para evaluar los cambios en el ecosistema y en la distribución de sus 
especies.
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Abstract 
The diversity of syllid polychaetes inhabiting holdfasts of the brown algae Lessonia 
spicata in Central Chile is investigated here. We found twelve species, belonging to the 
genera Syllis, Amblyosyllis, Proceraea and Salvatoria within the internal cavities of 
fourteen holdfasts collected from the intertidal and subtidal zones of exposed rocky 
shores. This is the first record of syllid polychaetes living in association with the kelp L. 
spicata. In addition, we provide the descriptions of three new species, Syllis albae sp. 
nov., Syllis tamarae sp. nov. and Syllis tripantu sp. nov. discovered from the holdfast 
faunal assemblage and their phylogenetic position and evolutionary relationships with 
other species within the genus Syllis is evaluated through phylogenetic analyses. 
Additionally, we provide new biogeographical information and ecological data, including 
updated distribution limits and habitat preferences for all identified species. This study 
highlights the importance of kelp holdfasts as hot-spots of syllid diversity, and suggests 
the potential use of associated Syllidae assemblages as tools for monitoring changes in 
the marine ecosystem that affect species distribution.
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Introduction 
The adhesive discs of large brown algae, also known as holdfasts, represent distinct shallow 
water microhabitats that host a variety of marine invertebrates (Cancino & Santelices, 1984; 
Ortega et al., 2014; Riesgo et al., 2010; Tuya et al., 2011; Vasquez & Santelices, 1984). These 
characteristic structures present numerous internal cavities and crevices increasing the effective 
surface area available for organisms, and as a consequence, they provide structurally complex 
habitats that support great faunal diversity and high species richness (Anderson, et al., 2005; 
Pabis & Sicinski, 2010; Riesgo et al., 2010). Increased diversity in brown algae holdfasts, 
especially in kelp-like species, may be a result of the different ecological roles played by these 
complex structures, providing mechanical shelter against wave impact, refuge from predators, 
secure spawning areas and nursery grounds (Cancino & Santelices, 1981; Ojeda & Santelices, 
1984a; Pabis & Sicinski, 2010; Riesgo et al., 2010). In addition, competition might be lower in 
these habitats and the number of potential ecological niches and means of exploiting 
environmental resources could be higher (Pabis & Sicinski, 2010).  
Brown algae form extensive and predominant temperate water ecosystems in both 
hemispheres throughout the world and consequently, considerable attention has been devoted 
to the study of holdfast faunal assemblages. Several kelp species including Laminaria 
hyperborea (Gunnerus) Foslie, 1884 (Christie et al., 2003; Dahl & Dahl, 2002; Tuya et al., 
2011), Laminaria ochroleuca Bachelot de la Pylaie, 1824 (Arroyo et al., 2004) Saccorhiza 
polyschides (Lightfoot) Batters, 1902 (Martins et al., 2013; Tuya et al., 2011), Durvillaea 
antarctica (Chamisso) Hariot, 1892 (Smith & Simpson, 1995), Himantothallus grandifolius (A. 
Gepp & E.S. Gepp) Zinova, 1959 (Pabis & Sicinski, 2010) and Ecklonia radiata (C. Agardh) 
J. Agardh, 1848 (Anderson et al., 2005) have been the focus of many ecological and biodiversity 
studies. The role of holdfasts as habitats for invertebrates has been particularly studied over the 
past 30 years along the Chilean coast, generating considerable information on the 
macroinvertebrate communities associated to Macrocystis pyrifera (Linnaeus) C. Agardh, 
1820, Lessonia spicata (Suhr) Santelices, 2012 (previously Lessonia nigrescens) and Lessonia 
trabeculata Villouta & Santelices, 1986 (Ojeda & Santelices, 1984b; Vasquez & Santelices, 
1984; Vásquez & Vega, 2005; Villegas et al., 2008).  
The two latter species, L. spicata and L. trabeculata, are of special interest because they 
are regularly harvested and exported from Chile as raw materials for alginate production 
(Vasquez & Santelices, 1990). Lessonia spicata in particular, is also one of the most 
ecologically important kelps along most of the temperate Pacific South American coasts (Ojeda 
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& Santelices, 1984b); it is the dominant benthic algal species, both in terms of coverage and 
biomass, in the low intertidal and shallow subtidal zones of exposed rocky shores from Cape 
Horn in southern Chile to Central Peru (González et al., 2012; Vasquez & Santelices, 1990). 
Studies addressing the ecological role of L. spicata holdfasts as habitats for invertebrates in 
Central Chile indicate that they act as settlement surfaces and nursery grounds, provide shelter 
and constitute an exclusive habitat for certain species. Because of their important ecological 
role, over-exploitation of L. spicata may disturb the global structure of intertidal and subtidal 
communities (Cancino & Santelices, 1984; Vasquez, 1995). 
Polychaetes are one of the most ubiquitous and important taxa in marine benthic 
communities both in terms of abundance and species richness, and although the majority are 
free-living, burrowing or tube-dwelling organisms, they are also widely known for establishing 
close associations with other marine taxa, including kelp (Álvarez-Campos et al., 2014; Martin 
& Britayev, 1998). Syllidae and Nereididae are usually the most abundant polychaete taxa 
found living in association with biological substrates (Hernández et al., 2001) and holdfasts of 
brown algae are not an exception. The family Syllidae in particular, is one of the most diverse 
families of polychaetes with more than 700 described species (San Martín, 2003; San Martín & 
Aguado, 2014). Syllids are often the dominant taxa in coastal environments and have also been 
regarded as good faunal an ecological indicators of the physical environment, having the 
potential of being used in long-term studies to monitor changes in the marine environment 
(Musco et al., 2009). Consequently, thorough knowledge of the biodiversity of polychaetes in 
general, and syllids in particular, is of vital importance to characterize different marine 
ecosystems and microhabitats, and to evaluate the effects of different stressors such as climate 
change and other anthropogenic disturbances. 
However, only a handful of studies addressing the diversity of holdfast 
macroinvertebrate communities focus specifically on the polychaete fauna (Martins et al., 2013; 
Pabis & Sicinski, 2010) and virtually none of them address the taxonomic composition of the 
annelid communities to the species level (but see Martins et al. 2013). Here, we investigate the 
diversity of Syllidae polychaetes inhabiting holdfasts of the brown algae L. spicata in Central 
Chile. We recorded twelve holdfast dwelling syllids, including three previously unknown 
species. This study provides new ecological and biogeographical information for several 
species and gives new insights into the faunal community inhabiting holdfasts of L. spicata, 
one of the most ecologically important kelp species along South American coasts (Ojeda & 
Santelices, 1984a; Ortega et al., 2014; Smith, 2000). 
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Material and Methods 
Sampling and morphological examination  
Two biological surveys were carried out during January of 2013 and January of 2014 in 
the San Antonio Province (Valparaíso Region, Central Chile). A total of fourteen holdfasts of 
Lessonia spicata were collected from the intertidal and subtidal zone of exposed rocky shores. 
Only holdfasts submerged during low tide were selected and carefully separated from the 
substrate. The stipe and frond were removed and the holdfasts were cut into pieces and left 
overnight in trays with seawater to facilitate the separation of the organisms. Specimens were 
initially sorted using an Olympus SZ61 stereoscope and an Olympus CX21 microscope at 
Estación Costera de Investigaciones Marinas de Las Cruces (ECIM). Selected live specimens 
were anesthetized with 7% magnesium chloride in seawater and photographed prior to fixation 
with a Micro-Imaging digital camera attached to either an Olympus SZ61 stereoscope or an 
Olympus CX21 microscope. Specimens were fixed in either 10% formalin buffered in seawater 
or 96% ethanol. Further examination and identification was completed under a Nikon Optiphot 
microscope with a differential interference contrast system (Nomarsky) at Universidad 
Autónoma de Madrid (UAM). Several specimens were critically point-dried with an Emitech 
K850 Critical Point Dryer, gold coated with a Q150T-S Turbo-Pumper Sputter Coater and 
examined with a Hitachi S-3000N scanning electron microscope (SEM) at the Servicio 
Interdepartamental de Investigación (SIDI) of the UAM. Width of specimens was measured at 
the level of the proventricle, excluding the parapodia. All specimens were deposited at the 
Museo Nacional de Ciencias Naturales de Madrid (MNCN) and Museum of Comparative 
Zoology of Harvard University (MCZ). Museum catalogue numbers, collection date, locality 
and other relevant information is listed in Table 1. 
 
Molecular analyses  
Genomic DNA was extracted with a DNAeasy Blood and Tissue Kit (Qiagen) following 
manufacturer protocols. Gene fragments of 18S rDNA, 16S rDNA and cytochrome oxidase I 
(COI) were amplified from paratypes of Syllis albae sp. nov., Syllis tamarae sp. nov. and Syllis 
tripantu sp. nov. (museum vouchers are provided in Table S1). The primers used were the same 
as those described in chapters 1.4, 2.1 and 2.2. PCR reactions and temperature profiles to 
amplify each fragment are the same as those described in chapters 1.4, 2.1 and 2.2. Sequences 
editing and alignments were also done as is described in chapters 1.4, 2.1 and 2.2.  
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Phylogenetic analyses 
To assess the phylogenetic position of the three new species S. albae sp. nov., S. tamarae 
sp. nov. and S. tripantu sp. nov., nuclear (18S rDNA) and mitochondrial (16S rDNA, COI) 
markers were sequenced and combined with new data from specimens of S. magdalena 
Wesenberg-Lund, 1962 and S. pectinans Haswell, 1920 from Chile and from 38 additional 
Syllis species (48 specimens) available in GenBank. Three species of the genera Branchiosyllis 
and two Haplosyllis were included as outgroups. GenBank accession numbers for all taxa are 
listed in Table S2, supplemental material. The mitochondrial datasets were analysed both 
individually and combined with the nuclear datasets. Partitions for each marker were used in 
all phylogenetic analyses. Selection of the most appropriate evolutionary model for each gene, 
and phylogenetic analyses (ML and BI) of the concatenated dataset, were developed as is 
described in chapters 1.4, 2.1 and 2.2. 
 
 
Results 
Ecology and biodiversity 
A total of twelve species, including three new species to science, belonging to four 
genera were identified among the 127 specimens of Syllidae examined from holdfasts of L. 
spicata (Table 1, Table S1, supplemental material online). The genus Syllis contributed with 
the highest number of species (nine) to the holdfasts syllid fauna, including Syllis albae sp. 
nov., Syllis tamarae sp. nov., Syllis tripantu sp. nov., S. luteoides (Hartmann-Schröder, 1962), 
S. magdalena, S. pectinans, S. prolifera Krohn, 1852, S. prolixa Ehlers, 1901 and Syllis sp. The 
remaining members of the holdfast syllid community include Amblyosyllis granosa Ehlers 
1897, Proceraea micropedata (Hartmann-Schröder, 1962) and Salvatoria nutrix (Monro, 
1936).  
The present study offers new insights on the ecology and biogeography of several 
Syllidae species, including updated distribution limits and habitat preferences (Table 1). The 
distribution of S. prolifera, previously recorded in Chile only from Eastern Island, is extended 
to include Central Chile, Valparaiso Region. Amblyosyllis granosa and P. micropedata were 
previously reported in Chile from the Chacao Channel to the Beagle Channel and from 
Concepcion Bay to Strait of Magellan respectively; their distribution limit is now extended 
North to Central Chile, Valparaíso Region. Salvatoria nutrix was known in Chile only from 
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Iquique and this study extends its distribution to the South to include Central Chile, Valparaíso 
Region. To our knowledge, this study also sets the first record of L. spicata holdfasts as habitats 
for the 12 species identified, previously only known from other substrate types such as hard 
bottoms, Macrocystis pyrifera rhizoids, seagrass meadows, rocky reefs, rock pools, coarse sand, 
sponges and serpulid tubes.  
 
Taxonomy 
 Three species new to science, Syllis albae sp. nov., Syllis tamarae sp. nov. and Syllis 
tripantu sp. nov. were discovered from holdfasts of L. spicata. Taxonomical descriptions, 
ecological and biogeographical information as well as other relevant remarks are presented 
below for the three new taxa. Additional information of all species examined is provided in 
Table 1 and Table S1, supplemental material. 
  
  
Syllis albae sp. nov. Verdes & Álvarez-Campos 
(Figs 1a–c, 2a–e) 
 
Holotype. MNCN 16.01/17500 
Paratypes. MCZ 25199, MNCN 16.01/17462–17469 
Type locality. Intertidal zone of ECIM beach, Las Cruces (Chile). 
Habitat and distribution. Holdfasts of L. spicata, algae turfs of Chondracanthus intermedius 
and Gelidium chilense at type locality. 
Etymology. The species is named after Alba Medrano, colleague and friend, for her kind 
assistance and invaluable help during the authors visit to ECIM (Las Cruces, Chile). 
Diagnosis. S. albae sp. nov. is characterized by a uniform dorsal brown coloration throughout 
the body and long, thick tentacular and dorsal cirri. The new species can also be distinguished 
by its unidentate falcigers in anterior and posterior chaetigers, slightly bidentate midbody 
falcigers and posterior falcigers with thick ventral shafts and a distal spur. In addition, long and 
thick dorsal simple chaetae are present from midbody to posterior parapodia.  
Description. Longest complete specimen examined 8 mm long, 0.5 mm wide, with 62 
segments. Live specimens usually light brown (Fig. 1a, b), others lack coloration. Prostomium 
oval, wider than long, with two pairs of red eyes in open trapezoidal arrangement, anterior pair 
slightly larger than posterior pair (Fig. 1b). Median antenna inserted near posterior margin of 
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prostomium, between posterior eyes, longer than combined length of prostomium and palps, 
with 22–24 articles (Fig. 2a); lateral antennae distinctly shorter, inserted close to anterior 
margin of prostomium, with 16–18 articles (Fig. 2a). Palps triangular, fused at base, with 
distinct median groove. Nuchal organs not seen. Peristomium similar to subsequent segments. 
Dorsal tentacular cirri longer than antennae, with 30–33 articles; ventral ones shorter, with 22–
24 articles (Figs. 1b, 2a). Dorsal cirri of most anterior segments with 31–34 articles, midbody 
and posterior ones with 22-24 articles (Fig. 1a). Ventral cirri digitiform, elongated, inserted 
proximally and reaching to distal end of parapodia. Anterior parapodia each with about eight 
compound falcigers with unidentate blades and spines along margin (Fig. 2b); midbody and 
posterior chaetae shorter, with thicker shafts (Figs. 2Cc–e); some midbody falcigers with 
slightly bidentate blades (Fig. 2c); long and thick dorsal simple chaetae present from midbody 
to posterior parapodia (Fig. 2d); ventral simple chaetae not observed. Anterior parapodia each 
with 5 aciculae, slender, distally straight or slightly curved; number of aciculae diminishing 
posteriorly; midbody parapodia with three acuminate aciculae; posterior segments with two 
aciculae, one acuminate and one distally blunt. Pharynx long, through 8–9 segments (Figs. 1a, 
b); pharyngeal tooth located on anterior margin. Proventricle barrel shaped, extending through 
7–8 segments, with about 65 rows of muscular cells (Fig. 1a). Pygidium conical with two short 
anal cirri (Figs.1a, c). Reproduction by scissiparity (schizogamy); gamete storage area begins 
in the two posteriormost segments of the parental stock. Dicerous stolons with a pair of small 
antennae and two pair of orange-red eyes (Fig. 1c). Male stolons white in colour, 1.5–2 mm 
long, 0.6 mm wide, 18 segments (Fig. 1c). Female stolons yellowish, 2–2.5 mm long, 0.5 wide, 
22 segments. 
Remarks. Syllis albae n. sp. is most similar to the Chilean S. magdalena and the cosmopolitan 
S. pectinans. Both species present similar morphology on posterior chaetae but their blades are 
slightly shorter and thinner and present thicker spines than those of S. albae n. sp. In addition, 
the tentacular and dorsal cirri are longer in the new species. Another difference is the lack of 
ventral simple chaetae in S. albae n. sp., which are present in most posterior parapodia in S. 
magdalena and S. pectinans. The color pattern of the new species is also unlike that of S. 
magdalena, which has a distinct black longitudinal band in the middle of the anterior segments, 
and that of S. pectinans that presents a thin transversal black line on each segment of the anterior 
region. 
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Figure 1. Light microscopy images of the three new species. a, Syllis albae sp. nov., complete specimen; b, Syllis 
albae sp. nov., anterior part; c, Syllis albae sp. nov., male stolon; d, Syllis tripantu sp. nov., complete specimen, 
arrow pointing to stolon; e, Syllis tripantu sp. nov., anterior part; f, Syllis tamarae sp. nov., complete specimen; g, 
Syllis tamarae sp. nov., anterior part; h, Syllis tamarae sp. nov., female stolon. 
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Figure 2. Scanning electron micrographs of Syllis albae sp. nov. a, Anterior end, dorsal view; b, Detail of anterior 
chaetae; c, Detail of midbody chaetae; d, Detail of posterior parapodia with dorsal simple chaetae; e, Detail of 
posterior chaetae. 
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Syllis tamarae sp. nov. Álvarez-Campos & Verdes 
(Figs 1e, F, 4a–k) 
 
Holotype. MNCN 16.01/17471 
Paratypes. MNCN 16.01/17470, 17472, 17661, 17616–17619 
Type locality. Intertidal zone of ECIM beach, Las Cruces (Chile). 
Habitat and distribution. Holdfasts of L. spicata, algae turfs of Sphacelaria cirrosa, Corallina 
officinalis, Ulva rigida and Perumytilus purpuratus beds at type locality. 
Etymology. The species is named after Tamara Medina, dear friend of the authors, for her 
assistance during their stay in Pontificia Universidad Católica de Chile (Santiago, Chile). 
Diagnosis. S. tamarae sp. nov. is characterized by having white coloration on the anterior 
segments with orange spots at the base of parapodia and long, thin tentacular and dorsal cirri. 
The new species can also be distinguished by its bidentate falciger blades in all parapodia with 
several spines on margin; dorsal unidentate simple chaetae with spines in the upper margin and 
ventral bidentate, slightly curved, simple chaetae in posterior parapodia.  
Description. Longest complete specimen examined 4 mm long, 0.3 mm wide, with 98 
segments. Live specimens white in the anterior segments with orange spots at the base of 
parapodia (Figs. 1f–h). Schizogamous female specimens, show lateral purple coloration due to 
gamete accumulation (Figs. 1f, h). Prostomium oval, wider than long, with two pairs of red eyes 
in open trapezoidal arrangement (Fig. 1f, g). Median antenna inserted near posterior margin of 
prostomium, between posterior eyes, slightly longer than combined length of prostomium and 
palps, with 20–22 articles; lateral antennae shorter, inserted close to anterior margin of 
prostomium, with 14–16 articles (Figs. 1F, g, 4a, b). Palps triangular, fused at base, with distinct 
median groove. Nuchal organs as two ciliary bands in prostomium (Figs. 4a, b). Peristomium 
distinctly shorter than subsequent segments. Dorsal tentacular cirri longer than antennae, with 
24–26 articles; ventral ones shorter, with 18–20 articles (Figs. 1f, h, 3a, b). Dorsal cirri of most 
anterior segments with 25–27 articles, midbody ones with 22-24 articles; most posterior shorter, 
with 17-19 articles (Figs. 1f–h, 3a, b). Ventral cirri digitiform, elongated, inserted proximally 
and reaching distal end of parapodia. All parapodia with falcigers with bidentate blades, teeth 
similar in size, with spines along margin; anterior parapodia with about ten compound chaetae, 
midbody and posterior parapodia with five to seven (Fig. 3c–e). Dorsal and ventral simple 
chaetae in posterior parapodia (Fig. 3e); dorsal unidentate with spines in the upper margin and 
ventral bidentate, slightly curved, with teeth similar in size. Anterior parapodia each with 2 
aciculae, slender, distally straight (Fig. 3c); number of aciculae diminishing posteriorly; 
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Figure 3. Scanning electron micrographs of Syllis tamarae sp. nov. a, Anterior end, dorsal view; b, Detail of 
prostomium, arrows pointing to nuchal organs (no) and symbiotic protozoans (sp) on antennae and tentacular cirri; 
c, Detail of anterior chaetae; d, Detail of midbody chaetae; e, Detail of posterior chaetae. 
 
midbody and posterior parapodia one thick straight acicula each (Fig. 3e). Pharynx long, 
through 9–10 segments (Figs. 1f, g); pharyngeal tooth located on anterior margin. Proventricle 
barrel shaped, extending through 8–9 segments, with about 48 rows of muscular cells. Pygidium 
conical with two anal cirri longer than most posterior dorsal cirri (Figs. 1f, h). Reproduction by 
scissiparity (schizogamy); gamete storage area begins about seven segments after the 
proventricle (Fig. 1f). Dicerous stolons with a pair of small antennae and two pairs of red eyes 
(Fig. 1h). Female stolons purple due to gamete accumulation, 0.5 mm long, 0.1 wide, 21 
segments (Fig. 1g). Male stolons not observed. 
Remarks. Syllis tamarae n. sp. is similar in the morphology of the posterior falcigerous and 
simple chaetae to the Mediterranean Syllis ferrani and Syllis compacta. However, S. ferrani 
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presents shorter and wider blades in the posterior chaetae and S. compacta has longer and 
thicker spines. In addition, S. ferrani presents shorter tentacular and dorsal cirri and a distinct 
coloration with reddish eight-shaped bands on each segment that are not present in the new 
species. 
 
 
Syllis tripantu sp. nov. Álvarez-Campos & Verdes 
(Figs 1e, d, 4a–k) 
 
Holotype. MCZ 25200 
Paratypes. MNCN 16.01/17620–17624 
Type locality. Intertidal zone of ECIM beach, Las Cruces (Chile). 
Habitat and distribution. Holdfasts of Lessonia spicata, algae turfs of Sphacelaria cirrosa, 
Corallina officinalis and Perumytilus purpuratus beds at type locality. 
Etymology. The species name refers to Tripantu, a two-day music festival in honour of the 
Mapuche New Year that the authors attended during their second visit to ECIM (Chile). 
Diagnosis. S. tripantu sp. nov. differs from all other species in the unique yellow and green 
coloration as well as the length and width of the body, much larger and thinner than any other 
species. It is characterized by short tentacular and dorsal cirri, especially in the most posterior 
parapodia and bidentate falicger blades with the distal tooth much larger than the proximal one 
and several thick spines on margin. S. tripantu sp. nov. can also be distinguished by its long 
and thick dorsal simple chaetae present from midbody to posterior parapodia.  
Description. Longest complete specimen examined 30 mm long, 0.35 mm wide, with 153 
segments. Live specimens yellow in anterior segments, green throughout the rest of the body, 
with yellow dorsal cirri (Fig. 1e, d). Prostomium oval, wider than long, with two pairs of red 
eyes in open trapezoidal arrangement, anterior pair slightly larger than posterior pair (Fig. 1e). 
Median antenna inserted near posterior margin of prostomium, between posterior eyes, longer 
than combined length of prostomium and palps, with 14–16 articles (Figs. 1e, 4a, b); lateral 
antennae shorter, inserted close to anterior margin of prostomium, with 12–14 articles (Figs. 
1e, 4a, b). Palps triangular, fused at base, with distinct median groove. Nuchal organs as two 
ciliary bands in peristomium margin (4e). Peristomium shorter than subsequent segments. 
Dorsal tentacular cirri longer than antennae, with 25–27 articles; ventral ones shorter, with 14–
16 articles (Figs. 1e, 4a, b). Dorsal cirri of most anterior segments with 31–33 articles, midbody 
and posterior ones with 10–14 articles (Fig. 4a–d). Ventral cirri digitiform, elongated, inserted 
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Figure 4. Scanning electron micrographs of Syllis tripantu sp. nov. a, Anterior part, dorso-lateral view; b, Detail 
of prostomium, dorsal view; c, Midbody segments and cirri; (d) Posterior segments and cirri; (e) Detail of nuchal 
organs on peristomium; (f) Anterior chaetae; (g) Midbody dorsal chaetae; (h) Midbody ventral chaetae; (i) Mid-
posterior parapodium showing dorsal simple chaetae; (j) Detail of posterior chaetae; (k) Detail of posteriormost 
dorsal simple chaetae. 
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proximally and reaching to distal end of parapodia. Anterior and midbody parapodia each with 
about five to six compound bidentate chaetae, blades with thick spines along margin (Figs. 4f–
h), shaft of dorsalmost falciger on midbody distinctly thicker than the rest, usually lacking the 
blade (Fig. 4f); posterior falcigers shorter, with slightly thicker shafts (Figs. 4i, j); blades with 
distal tooth longer than proximal one, increasing in size in midbody and posterior chaetae (Figs. 
4h–j); long and thick dorsal simple chaetae present from midbody to posterior parapodia (Figs. 
4i, k). Anterior parapodia each with two aciculae, straight or with slightly curved tip; midbody 
and posterior aciculae thicker, one distally blunt. Pharynx long, through 8–9 segments; 
pharyngeal tooth located on anterior margin (Fig. 1e). Proventricle barrel shaped, extending 
through 6–7 segments, with about 45 rows of muscular cells (Fig. 1e). Pygidium conical, anal 
cirri not seen (Fig. 4d). Reproduction by scissiparity (schizogamy); green dicerous stolons with 
a pair of small antennae and two pairs of red eyes, 10 mm long, 0.35 mm wide, 88 segments. 
Remarks. Syllis tripantu n. sp. differs from all other species in the unique yellow and green 
coloration as well as the length and width of the body, much larger and thinner than similar 
species. Syllis tripantu n. sp., is most similar to S. pectinans, S. magdalena and S. pigmentata, 
with regard to the morphology of posterior chaetae, although S. tripantu n. sp. has longer and 
thicker spines on blades. In addition, the new species has shorter tentacular and dorsal cirri than 
S. pigmentata. In contrast, Syllis tripantu n. sp. has longer anterior dorsal cirri than S. 
magdalena and longer posterior dorsal cirri than S. pectinans. Additionally, the new species 
lacks ventral simple chaetae on posterior segments, which are present in S. pectinans and S. 
magdalena, and has unidentate posterior dorsal simple chaetae as opposed to bidentate in the 
latter species.  
 
 
Phylogeny and Systematics 
A phylogenetic analysis was performed to establish the phylogenetic position of the three newly 
discovered species within the genus Syllis and to investigate their evolutionary relationships 
(Fig. 5). New sequences of Syllis pectinans and S. magdalena collected from holdfasts of L. 
spictata in Central Chile were also included in the analyses. Both Maximum Likelihood (ML) 
and Bayesian Inference (BI) analyses of the concatenated matrix of the three loci recovered the 
four clades (Clades I, II, III, IV) delineated in a recent study of the genus Syllis (Álvarez-
Campos et al., 2015) although Clade IV, had weaker support in our phylogenetic analyses (Fig. 
5). The three new species as well as the newly sequenced ones clustered in this low-supported 
Clade IV, whose species do not seem to share any morphological features, except for the 
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presence of stolons with a pair of eyes and one pair of unarticulated antennae (Álvarez-Campos 
et al., 2015, and our results). Within this large clade, Syllis tamarae sp. nov., is nested in a 
subclade with S. cerina, S. ferrani and S. compacta (Fig. 5), with strong support in the BI 
analyses (PP = 0.99). The morphological synapomorphy characterizing the species in this clade 
seems to be the shape of the posterior chaetae (see remarks in Taxonomy section). Syllis 
tripantu sp. nov. is found as the sister taxa of a large subclade of Syllis species, within which 
Syllis albae sp. nov. clusters with S. magdalena and S. pectinans (Fig. 5). Both S. tripantu sp. 
nov. and S. albae sp. nov. fall in clades with weak support, but they share several morphological 
similarities with many of the species they cluster with (see remarks in Taxonomy section), such 
as S. pectinans or S. magdalena.  
 
 
Fig. 5. Phylogenetic reconstruction of the genus Syllis, including the new species Syllis albae sp. nov., Syllis 
tamarae sp. nov. and Syllis tripantu sp. nov., inferred from ML and BI analyses of three concatenated loci (18S 
rRNA, 16S rRNA, COI). Numbers above branches indicate bootstrap support values (only values > 75 are 
indicated) and numbers below branches indicate posterior probabilities (only values > 0.90 are indicated). Inset: 
typical chaetae of the new species, S. albae sp. nov. in orange, S. tamarae sp. nov. in purple and S. tripantu sp. 
nov. in green. 
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Discussion 
 
The present study evaluates the diversity of syllid polychaetes inhabiting holdfasts of 
the brown algae L. spicata in the Central Chilean coast. Twelve species of Syllidae, including 
three species new to science, were found within the internal cavities of the holdfasts (Table 1), 
setting the first record, to our knowledge, of syllid polychaetes living in association with the 
kelp L. spicata. This study increases the number of valid syllid species known in Chile from 64 
to 68 and provides new ecological and biogeographical information for nine species, including 
updated distribution limits and habitat preferences. The phylogenetic position and evolutionary 
relationships of the three new species, S. albae sp. nov., S. tamarae sp. nov. and S. tripantu sp. 
nov., was investigated through ML and BI analyses, which showed close phylogenetic 
affiliations of the new species with other Syllis spp. with similar chaetal shape. However, given 
the low support found in most of the clades including the new species, any conclusions 
regarding the evolutionary relationships within the genus are only preliminary. Additional data 
including both morphological and molecular characters are needed from a larger number of 
species and specimens to build new phylogenetic hypotheses based on robust systematic 
analyses.  
Based on previous studies (Rozbaczylo & Simonetti, 2000; Rozbaczylo, 1985) and a 
preliminary assessment of the syllid diversity in the low intertidal and shallow subtidal of 
exposed rocky shores in Central Chile (own unpublished data), the species found in L. spicata 
holdfasts seem to be representative of the overall Syllidae fauna of the area. The species 
composition inside and outside the holdfasts is similar but three previously unknown species 
were also discovered inhabiting the brown algae. These findings are in line with previous 
studies such as Pabis & Sicinski, 2010, which found a very high percentage of the polychaete 
species present in Admiralty Bay to be also found in the holdfasts of H. grandifolius. Moreover, 
when compared with the specific richness of certain zones the number of species on H. 
grandifolius holdfasts was higher (Pabis & Sicinski, 2010). Martins et al. (2013) also found in 
their study of syllid diversity in the Portuguese coast, that the total number of species in soft-
bottom sediments was only slightly higher that in S. polyschides holdfasts, despite the 
variability of sediment types, depth and latitude of the soft-bottom samples. The fact that the 
holdfasts of brown algae hold a similar or even higher number of species than those present in 
the surrounding areas makes them an excellent resource for biodiversity studies. Holdfasts of 
brown algae can be easily collected during low tide, with no need of SCUBA equipment or 
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other underwater methods, and they usually occur in high abundance forming extensive and 
predominant temperate water ecosystems throughout the world. It is also important to mention 
that L. spicata is regularly harvested for alginate production in Chile (Vasquez & Santelices, 
1990) which causes an increased mortality of the kelp that has been correlated to changes in the 
associated faunal assemblages. Holdfasts of brown algae represent important structurally 
complex microhabitats that harbour a high number of species (Anderson et al., 2005; Pabis & 
Sicinski, 2010; Vasquez & Santelices, 1984), including sometimes species new to science as 
demonstrated here, and should thus be protected from over-exploitation, which can negatively 
affect both the kelp population itself and the diversity of associated invertebrates (Vasquez & 
Santelices, 1990).     
Holdfast assemblages can also provide important indicators to monitor shallow marine 
ecosystems in response to environmental or anthropogenic impacts, but it is necessary to have 
a priori knowledge of the assemblage composition (Anderson et al., 2005; Smith, 2000). 
Identifying all organisms in an assemblage is a difficult and time consuming task, but the 
process can be simplified by focusing on a single taxonomic group (Daily & Ehrlich, 1995; 
Kitching et al., 2000). Polychaetes are widely used as indicator organisms and syllids in 
particular are good for long-term monitoring studies (Dean, 2008; Musco et al., 2009), and thus 
they represent an excellent indicator taxon. In addition, knowledge of holdfast fauna can help 
understand patterns of species distributions as detached holdfasts can act as dispersion vectors, 
and polychaetes including syllids, have been reported to drift on holdfasts for months (Edgar, 
1987; Smith, 2002). Therefore, characterizing the biodiversity of syllids in holdfast 
assemblages can provide important information to evaluate biodiversity and species distribution 
patterns as well as to monitor changes in the marine environment.    
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Species 18S 16S COI 
Syllis albae sp. nov. KX792201 KX792205 KX792209 
Syllis tamarae sp. nov. KX792203 KX792208 KX792213 
Syllis tripantu sp. nov.  KX792207 KX792212 
Syllis armillaris AF474292 JF903727  
Syllis augeneri JF913970 JF903788  
Syllis bella JF913971  JF903779 
Syllis broomensis 1 JF903651 JF903728  
Syllis broomensis 2  KU182892 KU182897 
Syllis busseltonensis JF903652  JF903782 
Syllis cerina JF903653   
Syllis cf. lutea JF903654 JF903730  
Syllis cf. prolifera  JF903674 JF903746 JF903780 
Syllis cf. variegata  JF903731  
Syllis compacta 1  JF903670 EF123822  
Syllis compacta 2 EF123847 EF123806 EF123772 
Syllis corallicola EF123875 EF123807  
Syllis crassicirrata 1 KU182886 KU182889 KU182896 
Syllis crassicirrata 2 JF903657   
Syllis cruzi KU182888   
Syllis edensis JF903658 JF903732 JF903789 
Syllis ehlersioides EF123841 EF123808 EF123773 
Syllis ferrani JF903653 JF903729  
Syllis garciai EF123869  EF123776 
Syllis gerlachi EF903659 EF123810 EF123777 
Syllis gracilis 1 EF123876 EF123811 EF123778 
Syllis gracilis 2 JF903660 JF903733 JF903778 
Syllis gracilis 3  KU182891 KU182893 
Syllis heronislandensis  JF903734  
Syllis hyalina JF903662 EF123818 EF123779 
Syllis krohni EF123859 EF155920  
Syllis lutea EF123865 JF903736 JF903785 
Syllis magdalena KX792204 KX792206 KX792211 
Syllis marugani  EF123812  
Syllis monilata  EF123819  
Syllis okadai EF123858 EF123814 EF123783 
Syllis patriciae JF903665 JF903738 JF903781 
Syllis pectinans 1 JF903666   
Syllis pectinans 2 KX792202  KX792210 
Syllis picta KU182887 KU182890  
Syllis pigmentata EF155921  EF123774 
Syllis prolifera 1  JF903656 JF123805 EF123771 
Syllis prolifera 2 JF903668 EF155921  
Syllis prolifera 3 JF903667 JF903739  
Syllis pulvinata 1 JF913972 JF903741  
Syllis pulvinata 2 KX281050 KX280969 KX280976 
Syllis punctulata JF903669 JF903742  
Syllis setoensis 1   KU182894 
Syllis setoensis 2   KU182895 
Syllis variegata JF903664 JF903737  
Syllis vittata JF903671 JF903743 GU362691 
Syllis vivipara EF123849 EF123815  
Syllis ypsiloides JF903673 JF903745  
Syllis yallingupensis JF903672 JF903744  
Branchiosyllis exilis 1 JF903584 JF903693 EF123746 
Branchiosyllis exilis 2 JF903582 JF903691 JF903783 
Branchiosyllis thylacine JF903586 JF913951  
Branchiosyllis cirropunctata JF903580 JF903690  
Haplosyllis spongicla AF474291 EF123791 EF123751 
Haplosyllis sp. JF903607 JF903698  
!! 393!
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Chapter 3.2 
 
 
The tag-along friendship: epibiotic 
protozoans and syllid polychaetes. 
Implications for the taxonomy of Syllidae 
(Annelida), and description of three new 
species of Rhabdostyla and Cothurnia 
(Ciliophora, Peritrichia) 
 
 
 
 
 
 
 
 
Patricia Álvarez-Campos, Gregorio Fernández-Leborans, Aida 
Verdes, Guillermo San Martín, Daniel Martin & Ana Riesgo. 
(2014).  Zoological Journal of the Linnean Society, 172: 265–281
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Resumen 
En este trabajo se cita, por primera vez, la presencia de protozoos ciliados peritricos de 
las especies Rhabdostyla sp. y Cothurnia sp., asociados a sílidos, incluyendo 
descripciones detalladas de 3 nuevas especies de estos epibiontes. Los protozoos se 
encontraron sobre todo en las zonas intersegmentarias cerca de los parapodios de las 
especies Syllis magdalena, Syllis sp., Salvatoria sp. y Salvatoria concinna comb. nov de 
Chile, Syllis prolifera de España y Prosphaerosyllis magnoculata de Nueva Zelanda. 
Además, se encontraron protozoos epibiontes en el dorso, órganos nucales, boca y cirros 
anteriores de Syllis elongata de Perú y en la superficie ventral de Typosyllis 
macropectinans de Australia. Este descubrimiento de protozoos epibiontes en los 
sílidos, tiene importantes implicaciones taxonómicas, las cuales son discutidas en el 
trabajo. La presencia de papilas, que en realidad son protozoos mal interpretados, ha 
sido un carácter válido para diferenciar entre especies y erigir nuevos taxones en 
Syllidae y, por tanto, la verdadera naturaleza de estas estructuras debería ser evaluada.
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Abstract 
The presence of peritrich ciliate epibionts Rhabdostyla sp. and Cothurnia sp. on 
Syllidae polychaetes is reported here for the first time, including the description of three 
new species of epibiont ciliates. The protozoans were mainly found at intersegmental 
furrows, close to parapodial bases of newly collected specimens of Syllis magdalena, 
Syllis sp., Salvatoria sp. and Salvatoria concinna comb. nov. from Chile, Syllis 
prolifera from Spain and Prosphaerosyllis magnoculata from New Zealand. In addition, 
epibiont protozoans were found on the dorsal surface, nuchal organs, mouth opening 
and anterior cirri of Syllis elongata from Peru, and the ventral surface of Typosyllis 
macropectinans from Australia. The discovery of protozoan epibionts on syllid 
polychaetes has important taxonomic implications that are discussed here. The presence 
of papillae that are in fact misinterpreted ciliate epibionts has been considered a valid 
character to distinguish among species or to erect new species of Syllidae, and thus the 
real origin of papillae-like structures in polychaetes, should be carefully assessed. 
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Introduction 
Polychaetes are known for their facility to establish a wide array of interconnections 
with other organisms, including different symbiotic associations (Martin & Britayev, 
1998). Symbiosis in a wider sense includes any association between two organisms 
living together with a gradient of positive or negative consequences for at least one of 
them (Henry, 1966; Boucher, James & Keeler, 1982; Bush et al., 2001) which, in some 
cases, leads some or all partners to lose the ability to live as free-living organisms 
(Rhode, 1981). Such associations are named differently depending on the degree of 
“intimacy” and the consequences for the involved partners, and include mutualism, 
commensalism and parasitism, the latter two widely reported in polychaetes (Martin & 
Britayev, 1998).  
Additionally, depending on the location of the symbiont relative to the host, the 
association can be considered endobiotic, when the symbiont lives inside the host 
tissues, or epibiotic, when it lives on the external surface of the host. In particular, 
epibiosis is a spatially close association between two or more organisms; the epibiont 
colonizes the surface of live substrates, and the basibiont gives support to the former 
(Wahl, 1989; Fernández-Leborans & Gabilondo, 2006). Interestingly, polychaetes have 
also been described as epibionts of a variety of sessile organisms, such as sponges (e.g., 
Pawlik, 1983; Lattig & Martin, 2009, 2011a, b; Lattig, Martin & Aguado, 2010; 
Álvarez-Campos, San Martín & Aguado, 2012), corals (e.g., Glasby & Watson, 2001; 
Martin et al., 2002 Glasby et al., 2012; Álvarez-Campos San Martín & Aguado, 2013), 
bryozoans (e.g., Morgado & Amaral, 1985), and cirripeds (Hernández, Muñoz & 
Rozbaczylo, 2001). Even though the majority of studies dealing with polychaetes 
associations, including the aforementioned, describe relationships in which the 
polychaete is the symbiont, polychaetes also play an important role as hosts of other 
organisms, such as other polychaetes, copepods, loxosomatids, nematodes, and also 
protozoans (e.g. Nielsen, 1964; Martin & Britayev, 1998; Rangel et al., 2009; Wakeman 
& Leander, 2013). In this study, we report for the first time the role of several species of 
syllid polychaetes as hosts of peritrichid ciliate protozoan epibionts. 
Ciliate protozoans are commonly reported as internal parasites of numerous 
metazoans (Barel & Kramers, 1977; Taboada et al., 2013) including polychaetes 
(Wakeman & Leander, 2013 and references herein). In addition, ciliates living on the 
external surfaces of a wide variety of aquatic Metazoa are commonly observed, most of 
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them belonging to the subclass Peritrichia (e.g., Corliss, 1961, 1979; Kahl, 1930–1935; 
Baldock, 1986; Smith, 1986; Weissman et al., 1993; Gilbert & Schröder, 2003; Regali-
Seleghim & Godinho, 2004; Fernández-Leborans, 2010; Sedlacek et al., 2013). It is 
worth noting that, despite their ubiquitous presence as epibionts of aquatic metazoans, 
ciliate peritrich epibionts have only been reported in a handful of polychaete species 
(Knox & Hicks, 1973; Magnini & Verni, 1988; Arias, Anadón & Paxton, 2010).  
We expand here the knowledge of polychaete epibionts, reporting for the first time 
the occurrence of epibiont ciliate protozoans of the subclass Peritrichia from two 
different genera (Rhabdostyla and Cothurnia) on eleven different species of polychaetes 
within the family Syllidae: newly collected specimens of Syllis magdalena Wesenberg-
Lund, 1962, Syllis sp.1, Syllis sp.2, Salvatoria concinna (Westheide, 1974) comb. nov., 
Salvatoria sp., Syllis prolifera Krohn, 1852, Typosyllis elongata Johnson, 1901, 
Prosphaerosyllis magnoculata (Hartmann-Schröder, 1986), and museum specimens of 
Typosyllis microoculata Hartmann-Schröder, 1965, Typosyllis macropectinans 
Hartmann-Schröder, 1982, Parapionosyllis papillosa (Pierantoni, 1903). Interestingly, 
we found two new species of epibionts of the genus Rhabdostyla, Rhabdostyla mapuche 
cp. nov. and Rhabdostyla taboadai cp. nov., and one new species of the genus 
Cothurnia, Cothurnia kiwi cp. nov. (Table 1). Some species of Rhabdostyla have been 
previously reported as epibionts of other polychaete families, but noteworthy, the 
association between Cothurnia sp. and the phylum Annelida has never been observed 
before. 
 
Material and Methods 
Specimens of Syllis magdalena, Salvatoria concinna comb. nov., Salvatoria sp. 
and Syllis spp. were collected in Central Chile (Las Cruces, Valparaíso Region; 
33°30.06’S, 71°37.55’W) in January 2013, on intertidal algae including holdfasts of 
Lessonia spictata, and thalli of Corallina sp. and Gelidium sp. Specimens of Typosyllis 
elongata were collected in Peru (Albacora, Tumbes, Lima; 12°08.37’S, 77°01.36’O), by 
SCUBA on unidentified sponges at 20 m depth, in March 2013. Specimens of Syllis 
prolifera were collected by snorkeling and SCUBA in the Mediterranean Sea (Punta 
Santa Anna, Blanes, Spain; 41°40.25’N, 02°48.06’E), among an unidentified brown 
alga, in September 2013. Samples of Prosphaerosyllis magnoculata were collected by 
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SCUBA diving in the East (Wellers Rock, Dunedin; 45°50.52’S, 170°37.31’E, 5 m 
depth) and West (Tauranga Bay, Cape Foulwind; 41°46.23’S–171°27.12’E, intertidal) 
coasts of New Zealand, on unidentified algae during February 2012. Typosyllis 
macropectinans, was loaned from the Australian Museum (AM), originally collected in 
East Australia (North of Batemans Bay, New South Wales; 36°43.59’S, 149°59.16’E), 
in 2004. The samples of the species originally described as Typollis microoculata were 
loaned by the Hamburg Zoological Museum (HZM), originally collected in Hawaii 
(Maui; 20°45.09’N, 156°29.26’W). Type material of Parapionosyllis papillosa was not 
available, but original description and drawings from Pierantoni (1903) and (Fauvel, 
1923) as well as specimens identified and described by Campoy (1982) were examined 
at the Museum of the Universidad de Navarra, Pamplona, Spain.  
The newly collected samples were sorted using an Olympus SZ61 stereoscope, 
and fixed in either 10% formalin buffered in seawater, 96% ethanol or 2.5% 
glutaraldehyde solution. Syllids from Chile were studied under an Olympus CX21 
microscope with an attached Micro-imaging digital camera at Estación Costera de 
Investigaciones Marinas de Las Cruces (ECIM). The rest of the specimens were studied 
under a Nikon Optiphot microscope with a differential interference contrast system 
(Nomarsky) at Universidad Autónoma de Madrid and a Zeiss Axioplan II compound 
microscope connected to a ProgRes C10 Plus digital camera (Jenoptics, Jena) at CEAB. 
For scanning electron microscopy (SEM), the specimens were critically point dried with 
an Emitech K850 Critical Point Dryer, gold-coated with a Q150T-S Turbo-Pumper 
Sputter Coater, and examined with a Hitachi S-3000N electron microscope at the 
Servicio Interdepartamental de Investigación (SIDI) of the Universidad Autónoma de 
Madrid (UAM) and a HITACHI HIGH-TECH TM3000 Tabletop at CEAB. For 
transmission electron microscopy (TEM), specimens fixed in 2.5% glutaraldehyde 
solution in 0.4M PBS with NaCl were postfixed in osmium tetroxide 1% in PBS, 
dehydrated in an ascending acetone series, and further embedded in epoxy resin and 
viewed in a JEOL 1010 microscope at the Serveis Científico-Técnics at Universitat de 
Barcelona (UB). Protozoan epibionts were identified following Fernández-Leborans & 
Castro de Zaldumbide (1986); they were isolated and treated using the silver carbonate 
staining technique and also methyl green and neutral red staining. Light microscope 
images and morphometric data of the epibionts were obtained using Image Analysis 
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(KS300 Zeiss). All newly collected specimens were deposited at the Museo Nacional de 
Ciencias Naturales de Madrid (MNCN).  
 
Results 
This is the first formal report of peritrich ciliate protozoans living as epibionts of 
syllid polychaetes. Numerous epibiont populations of Rhabdostyla spp. and Cothurnia 
sp. were observed living on newly collected and museum specimens of eleven different 
species of the family Syllidae. Interestingly, among the ciliate epibionts, two new 
species of Rhabdostyla and one new species of Cothurnia have been identified and 
described here (see taxonomy section below); Rhabdostyla mapuche cp. nov. was 
observed on S. magdalena, Syllis sp.1, Syllis sp.2, Salvatoria concinna comb. nov. and 
Salvatoria sp. from Chile. Rhabdostyla taboadai cp. nov. was discovered on S. prolifera 
from the Spanish Mediterranean coast and Cothurnia kiwi cp. nov. was identified on P. 
magnoculata specimens from New Zealand  (Figs. 1–5). Additionally, unidentified 
Rhabdostyla spp. epibionts were observed on S. elongata from Peru and T. 
macropectinans from Italy (Fig. 6). Two museum specimens originally described as T. 
microoculata and P. papillosa, also presented ciliate epibionts of the genus Rhabdostyla 
that were mistaken as papillae (Fig. 7). This overlooked epibiosis of ciliates on syllids 
has important taxonomic implications, since the papillae have been considered as a 
valid character to distinguish among species or to erect new species (see taxonomy 
section below).  
It is also worth noting that this symbiotic relationship between protozoans and 
syllids is not restricted to a single geographical area, since the specimens presenting 
peritrichid ciliates described here have been observed in the Pacific Ocean (Chile, New 
Zealand, Australia, Hawaii) and Western Mediterranean Sea (Spain and Italy) (Table 1).  
 
Association of syllids and ciliates 
The epibiotic relationship between ciliates and polychaetes occurred in 22 
specimens collected from holdfasts and thalli of several algae (Table 1). In every syllid 
specimen, ciliates were present in most segments at intersegmental furrows, close to 
parapodial bases, including the museum specimens originally described as T. 
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microoculata and P. papillosa (Figs. 1–7). In addition, Syllis magdalena and Syllis sp. 2 
presented ciliates on the prostomium and S. elongata around the nuchal organs, mouth 
opening, and anterior cirri (Fig. 3G, 6A–B). In most cases, only one ciliate was found 
on the base of the parapodia in all specimens (Fig. 1, 3A–F, 4A, G, 5A–C, 6A–C). 
However, two or three ciliates may share the same parapodium, as observed in Syllis sp. 
2 (Fig. 3H, 4C, 5D). Only in T. macropectinans most of the posterior ventral surface 
was covered by a large number of ciliates (Fig. 6 D–F).  
 
Taxonomic account of ciliate protozoans 
 
Phylum Ciliophora Doflein, 1901 
Subphylum Intramacronucleata Lynn, 1996 
Class Oligohymenophorea De Puytorac et al., 1974 
Subclass Peritrichia Stein, 1859 
Order Sessilida Kahl, 1933 
 
Family Vaginicolidae de Fromentel, 1874 
Genus Cothurnia Ehrenberg, 1831 
 
Diagnosis. Loricate peritrichs with one or two zooids per lorica. Lorica attached 
aborally by stalk. Lorica without valves or operculum. Inner part of lorica may present 
internal lining or septum that can contain a mesostyle. Zooid may attach to lorica 
directly or via an endostyle (Warren & Paynter, 1991; Lynn & Small, 2000).  
Ecology. Usually found as epibionts in many crustacean groups, including copepods, 
decapods, amphipods, isopods, and ostracods. Two species have been also found on 
tanaids (Fernández-Leborans & Sorbe, 2003). This is the first report of the genus living 
in epibiotic association with the phylum Annelida. 
 
 
Cothurnia kiwi cp. nov. Álvarez-Campos, Fernández-Leborans & San Martín 
Figs. 1, 2A 
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Figure 1. Cothurnia kiwi cp. nov. on Prosphaerosyllis magnoculata (MNCN 39.02/8). A) Scanning 
electron micrograph of the anterior part of P. magnoculata showing several individuals of C. kiwi cp. nov. 
(arrows). B-C) Close–up micrographs of the epibiont C. kiwi cp. nov. on the intersegmental furrows of 
the annelid. D) Light microscopy picture of the stained protozoan showing the lorica (l) and the external 
stalk (es). 
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Material examined. Type speciemens. NEW ZEALAND. Holotype (MNCN 39.01/5), 3 
paratypes (one mounted for SEM) (MNCN 39.02/6-8), Tauranga Bay, Cape Foulwind, 
41°46.23’S–171°27.12’E, unidentified coralline alga, intertidal, February 9th, 2012; Two 
paratypes (MNCN 39.02/9-10), Wellers Rock, Dunedin, 45°50.52’S, 170°37.31’E, unidentified 
red alga, 5 m depth, February 7th, 2012. One paratype (MNCN 39.02/11), Akaroa Bay, 
43º48.50’S–172º57.15’E, unidentified coralline alga, intertidal, February 5th, 2012. 
Morphologically similar species. See Table 2 for comparisons. 
Description. Elongated pseudocylindrical lorica of 40.8–53.1 µm long and 16.8–19.2 
µm wide; lorica shows transverse furrows and ridges from opening to rear end, with 
grooves more pronounced in middle area; opening of the lorica (10.5–13.7 µm) shorter 
than maximum body width with edges curved outward. Ciliate body 26.9–36.0 µm long, 
and 14.7–16.6 µm wide, connected to external stalk by a mesostyle; mesostyle presents 
longitudinal striation. External stalk 11.1–22.5 µm long and 2.5–2.1 µm wide. Oval 
macronucleus (7.3–11.1 µm long; 8.6–10.4 µm wide) located in anterior half of the 
body. Spherical micronucleus located near the macronucleus. 
Remarks. Cothurnia kiwi cp. nov. is characterized by having a mesostyle but lacking 
an endostyle, and by having an oval anterior macronucleus. Cothurnia kiwi cp. nov. is 
compared to the most similar species of the genus in Table 2. Cothurnia curvula and C. 
mobiusi lack mesostyle and endostyle, and have a wider lorica than C. kiwi cp. nov. 
Cothurnia cyclopis and Cothurnia cytheridae differ from C. kiwi cp. nov. in having 
mesostyle and endostyle; the latter also presents a larger smooth lorica. Cothurnia 
membranoloricata has a shorter external stalk than C. kiwi.  
Ecology. Attached to the base of parapodia in specimens of Prosphaerosyllis 
magnoculata. 
Distribution. New Zealand 
Etymology. The name refers to “kiwi”, a common term used for New Zealand people. 
 
 
Family Epistylididae Kahl, 1933 
Genus Rhabdostyla Kent, 1881 
Diagnosis. Solitary peritrich ciliates with short non-contractile stalks, mostly inverted 
bell-shaped bodies and peristome with well-defined lip (Kent, 1880–81; Kahl, 1930–35; 
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Lynn & Small, 2000). Taxonomical characters for identification of currently known 
species are summarized in Table 2. 
Ecology. Mostly epibionts of freshwater invertebrates, particularly crustaceans, insects 
and oligochaetes (Kahl, 1935; Precht, 1935; Nenninger, 1948; Fernandez-Leborans & 
Tato-Porto, 2000; Regali-Seleghim & Godinho, 2004). Some species also reported in 
marine ecosystems, in association with different invertebrates, including polychaetes 
(Table 2). This is the first report of the genus in association with Syllidae. 
 
Rhabdostyla mapuche cp. nov. Álvarez-Campos, Fernández-Leborans & Verdes 
Figs. 2B, 3, 4A–E 
 
Material examined. Type specimens. CHILE, Valparaíso Region, Las Cruces, 33°30.06’S–
71°37.55’W: Holotype (MNCN 39.02/12) and 7 paratypes (one mounted for SEM and one fixed 
for TEM) (MNCN 39.02/13-19), holdfast of Lessonia spicata, intertidal, February 14th, 2012; 
one paratype (MNCN 39.02/20), thallus of Gelidium sp., intertidal, February 14th, 2012; 4 
paratypes (MNCN 39.02/21-24),  thalli of Corallina sp. and Gelidium sp., intertidal, February 
14th. 
Morphologically similar species. See Table 3 for comparisons. 
Description. Body shape globular to spherical, 23–31 µm long, 16–19 µm wide; when 
contracting, posterior and anterior folds cover contracted part, appearing oval with a 
deep indentation that contains part of contracted posterior end. Peristomial (oral) disk 
20–23 µm in diameter, with 9–14 ciliary bands. Macronucleus c-shaped, anterior, near 
cell periphery. Cortex distinctly transverse-striated, with 36–39 silverlines. 
Micronucleus round, close to macronucleus. Stalk short, thick, 3–6 µm long, 4–6 µm 
wide, with longitudinal sinuation. Basal disk absent. 
Remarks. Rhabdostyla mapuche cp. nov. is unique among the genus because of its 
small size. It differs from R. taboadai cp. nov. in its shorter stalk and lack of basal disk. 
Unlike R. taboadai cp. nov., R. variabilis, R. nereicola and R. arenaria, R. mapuche cp. 
nov. has a c-shaped macronucleus similar to R. commensalis but longitudinally located. 
Rhabdostyla scyphoides is similar in body shape but larger and not striated and also 
differs from R. libera in body shape and striation. 
Ecology. Attached to intersegmental furrows, close to parapodial bases of Syllis 
magdalena, Syllis sp. 1 and Syllis sp. 2., Salvatoria concinna comb. nov., and 
Salvatoria sp. Also attached to prostomium of Syllis magdalena and Syllis sp. 2. 
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Distribution. Central Chile. 
Etymology. The name refers to the Mapuche, a group of indigenous inhabitants of 
south-central Chile and south-western Argentina. 
  
 
 
Figure 2. Line drawings of the new species of ciliate protozoans. A, Cothurnia kiwi cp. nov. (MNCN 
39.01/5). B, Rhabdostyla mapuche cp. nov. (MNCN MNCN 39.02/12). C) Rhabdostyla taboadai cp. nov. 
(MNCN 39.02/25) Abbreviations: l, lorica; ma, macronucleus; mi, micronucleus; ms, mesostyle; es, 
external stalk; pd, persitomial disk; s, stalk; bd, basal disk. 
 
 
 
Rhabdostyla taboadai cp. nov. Álvarez-Campos, Fernández-Leborans, Riesgo & Martin 
Figs. 4E, 5 
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Figure 3. Light microscopy pictures of Rhabdostyla mapuche cp. nov. on different Syllidae species. A, 
Anterior part of Salvatoria sp. (MNCN 39.02/21) showing several individuals of R. mapuche cp. nov. 
(arrows). B, Close–up picture of the epibiont on the intersegmental furrows of the syllid. C, Stained 
protozoan on Syllis sp. 1 (MNCN 39.02/16) showing the macronucleus (ma) and micronucleus (mi). D, 
Anterior part of Salvatoria concinna comb. nov. (MNCN 39.02/24) showing several individuals of the 
epibiont (arrows). E, Close–up picture of the epibiont on the intersegmental furrows of the syllid. F, 
Close–up picture of epibiont showing the stalk (s) and vacuoles (v). G) Anterior part of Syllis sp. 2 
(MNCN 39.02/20) showing several individuals of the epibiont (arrows). H) Close–up micrograph of the 
epibiont on the intersegmental furrows of the syllid. I) Close–up micrograph of epibiont showing the 
lorica (l), vacuoles, the micronucleus, macronucleus and the stalk. 
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Figure 4. Rhabdostyla n. spp. on different Syllidae species. A) Scanning electron micrographs of the 
anterior end in ventral view of Syllis sp. 2 (MNCN 39.02/20) showing one epibiont in the base of 
tentacular cirri. B) Anterior and midbody segments, dorsal view, of Syllis sp. 2 showing several ciliates 
(arrows). C) Close–up micrograph of the epibiont on the intersegmental furrows of Syllis sp. 2. D) Close–
up micrograph, lateral view, of two ciliates showing the stalk (arrows). E) Close–up micrograph of an 
epibiont, apical view. F) Transmission electron micrograph of R. mapuche cp. nov. on Syllis sp. 1 
(MNCN 39.02/16). Note the arrow pointing to the basal part of the epibiont. G) Scanning electron 
micrograph of Rhabdostyla taboadai cp. nov. on Syllis prolifera (MNCN 39.02/26), showing the stalk 
(arrow). 
 
 
 
Material examined. Type specimens. MEDITERRANEAN SEA: holotype (MNCN 39.02/25) 
and 2 paratypes (one mounted for SEM) (MNCN 39.02/26-27), Punta Santa Anna, Blanes, 
Spain, 41°40.25’N, 02°48.06’E, unidentified brown alga, 3 m depth, September 23rd, 2013. 
Comparative material. See Table 3 for comparisons. 
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Description. Body shape globular, elongated, 30–45 µm long, 15–23 µm wide, anterior 
end rounded to slightly projecting; when contracting, posterior and anterior folds cover 
the contracted part, appearing oval, with deep indentation containing part of contracted 
posterior end. Peristomial (oral) disk 26–29 µm in diameter, with 11–18 ciliary bands. 
Macronucleus multilobed, usually anterior, near cell periphery. Micronucleus absent. 
Cortex distinctly transverse-striated, with 38–42 silverlines. Stalk 14–17 µm long, 7–9 
µm wide, with longitudinal sinuation. Basal disk 8–12 µm in diameter. 
 
 
Figure 5. Light microscopy pictures of Rhabdostyla taboadai sp. nov. on Syllis prolifera (MNCN 
39.02/25) A, Anterior part of the syllid showing an individual of R. taboadai cp. nov. (arrow). B-D, 
Close-up pictures of the epibiont on the intersegmental furrows of the syllid showing the stalk (arrow) 
and the peristomial disk (pd). 
 
 
 
Remarks. Rhabdostyla taboadai cp. nov. is unique because of its oval and elongated 
body shape and its multilobular macronucleus. The rest of distinctive characters are 
discussed in R. mapuche remarks. 
Ecology. Attached to intersegmental furrows, close to parapodial bases of Syllis 
prolifera.  
Distribution. Costa Brava (Spanish North-Eastern Mediterranean coast). 
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Etymology. Named after Dr. Sergi Taboada, polychaetologist, colleague and friend, for 
his help collecting and sorting the Mediterranean material and for his useful advice and 
support. 
 
 
Figure 6. Scanning electron micrographs of unidentified Rhabdostyla species on two Syllidae species. A, 
Anterior end of Syllis elongata (MNCN 39.02/15296) showing several individuals of Rhabdostyla sp. 1 
(arrows). B–C, Close-up micrographs of the epibiont on intesegmental furrows and tentacular cirri of S. 
elongata, showing the stalk (arrow). D, Posterior ventral part of Typosyllis macropectinans (AM 
W.41626) showing several individuals of Rhabdostyla sp. 2 (arrows). E–F, Close-up micrographs of the 
ciliates showing the stalk (arrow). 
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Taxonomic account of syllids  
 
Phylum Annelida Lamark, 1802 
Order Phyllodocida Dales, 1962 
Family Syllidae Grube, 1850 
 
Genus Salvatoria Mc Intosh, 1885 
Salvatoria concinna comb. nov. (Westheide, 1974) 
Brania concinna Westheide, 1974, 44: 91, fig. 41 
 
Remarks. San Martín (2005) rescued Salvatoria McIntosh, 1885 for Australia species 
previously described as Brania Quatrefages, 1866. The genus formerly included Brania 
concinna Westheide, 1974 from Galápagos Islands, but the species is transferred here to 
the genus Salvatoria because it broods dorsally. Dorsal brooding have not seen before 
in this species. This is also the first report of Salvatoria concinna (Westheide, 1974) 
comb. nov. for Chilean waters.  
 
Genus Typosyllis Langerhans, 1879 
Typosyllis microoculata Hartmann-Schröder, 1965, 18(1): 66–76. Licher (1999): 133, fig. 60. 
 
Remarks. Specimens of Typosyllis microoculata described by Hartmann-Schröder 
(1965) from Hawaii (Paratypes, HZM P-14498) were examined and their characteristic 
papillae were found to be in fact misinterpreted ciliate protozoans (Fig. 7A). Without 
these “papillae” Typosyllis microoculata is identical to the Mediterranean Syllis 
prolifera. Given the distance between type locality and the Mediterranean Sea, further 
studies are needed to consider it as a synonym.  
As suggested by previous authors (San Martín, 2003; Gil, 2011) a similar 
situation might be occurring with Parapionosyllis papillosa, which was described 
bearing papillae on intersegmental furrows, with a remarkable similarity to ciliate 
epibionts described herein (Fig. 7B). However, we were not able to study the type 
material and therefore, we cannot be sure about the taxonomical status of this species. 
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Figure 7. A, Light microscopy picture of Syllis prolifera (originally described as Typosyllis 
microoculata) from Hawaii (HZM.P.14498) showing the epibiotic ciliates on the intersegmental furrows 
(arrows). B, Line drawing (modified from Pierantoni, 1903) of Parapionosyllis papillosa from Italy, 
showing the epibiotic ciliates on the intersegmental furrows (arrows). 
 
 
Discussion 
This is the first study formally reporting the presence of peritrich ciliate 
protozoans living as epibionts of several polychaete species of the family Syllidae. 
Despite previous studies suggesting that the diagnostic character “papillae” used to 
describe some species, could be parasitic ciliates (San Martín, 2003; Gil, 2011) this 
epibiotic association was not previously confirmed.  The occurrence of peritrich ciliates 
as epibionts of invertebrates is ubiquitous in marine ecosystems but, surprisingly, there 
are just a handful of studies describing epibiotic associations between the 
aforementioned protozoans and polychaete annelids. Knox & Hicks (1973) found 
numerous specimens of Vorticella spp. on the dorsal surface of the anterior end of the 
body of the onuphid Brevibrachium maculatum (Estcourt, 1966) (as 
Rhamphobranchium maculatum) from New Zealand. Magagnini & Verni (1988) 
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discovered epibiotic peritrich ciliates of the genus Scyphidia living in association with 
the archiannelid Nerilla antennata Schdmit, 1848 from Italy, and more recently Arias et 
al. (2010) reported the presence of Epistylis sp. on the gills and first parapodia of the 
onuphid Diopatra marocensis Paxton, as a classical example of ectocommensalism 
(sensu Puytorac et al., 1987). Fadlaoui & Lechapt, 1995 from northern Spain. Several 
Rhabdostyla species have also been described as epibionts of polychaetes from different 
families (see Table 3). Only Magagnini & Verni (1988) pointed out the possible 
biological and ecological implications for both partners, discarding parasitism as no 
external damage was observed in the host, even when ciliates were present in large 
numbers. Accordingly, they defined the association Ciliate associations have been 
traditionally reported in crustaceans, where detrimental effects on host linked to the 
presence of epizoic protozoa seemed to be the rule. For instance, they may compete for 
food or cause negative effects on locomotion or sensory functions turning hosts either 
more vulnerable to predation or less competitive with non-infected crustaceans (Herman 
& Mihursky, 1964; Herman et al., 1971; Evans et al., 1981; Nagasawa, 1986; Scott & 
Thune, 1986; Kankaala & Eloanta, 1987; Nagasawa, 1988). In some cases, even the 
basibionts life is threatened due to the asphyxiation caused by occlusion of functional 
respiratory surface by the physical presence of large numbers of protozoans on the gills 
(Lightner, 1975; Fisher, 1977; Couch, 1978). However, the presence of peritrich ciliates 
can also benefit their host, since some of them contain toxins that may act as defenses 
against predation (Henebry & Ridgeway, 1979). In turn, all authors agree that increased 
food availability is the major advantage obtained by the epibionts from being associated 
to a motile substratum. It is not the focus of this study to evaluate the potential benefits 
or disadvantages that this epibiosis might provide to syllids, however, no impairment of 
swimming efficiency, or other external harm, was noticed in the specimens carrying 
ciliate protozoans studied herein. To this end, future studies would be certainly required. 
The fact that the epibiotic association between syllids and ciliates has been so 
rarely observed and reported in a group that has been extensively studied, particularly  
during the last 30 years, is certainly intriguing. Many authors have largely discussed on 
the ecological importance of protozoans in aquatic ecosystems and their possible use as 
bioindicators, because they usually thrive in oxygen poor waters (e.g., Spoon, 1965; 
Antipa, 1977; Fisher, 1977; Scott & Thune, 1986). Global warming and other 
climatological events might lead to lowered oxygen content of the world oceans 
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(Keeling & García, 2002), and therefore the anthropogenically induced hypoxia in the 
seawater may have strong consequences on marine symbiotic associations. 
Additionally, the effects of global warming on the protozoans ecology might generate a 
shift on hosts that could explain their more frequent detection on syllids (Vickerman, 
1992). However, to correctly assess the potential influence of global warming on the 
epibiotic association between syllids and ciliates, seawater oxygen levels and syllid 
infestation rates need to be measured and monitored through time. With our data we can 
only suggest that the presence of symbiotic protozoans might either be an increase in 
the number of epibionts per host (for still unknown biological or ecological reasons) or, 
more likely, a recent more careful dedication of the observers.  
Regardless of the causes of this newly reported epibiosis, there is a remarkable 
taxonomic implication affecting the species descriptions within the family Syllidae. 
Given the cases of P. papillosa and T. microoculata, we might expect an overestimation 
of the number of species of “papillate syllids”. There might be other cases where the 
presence of “papillae” (i.e. misinterpreted protozoans) may have been a key character 
distinguishing one “species” from another, especially when preserved specimens are 
observed (which is a common practice in taxonomic studies). The fixation method used 
to preserve polychaetes leads to the contraction of the ciliate epibionts, which coupled 
with their small size poses serious difficulties to differentiate them from simple papillae. 
Furthermore, this argument may certainly be extended to other polychaete families (e.g. 
Sphaerodoriidae), and therefore we strongly suggest the carefully assessment of the real 
nature of papillae-like structures in polychaetes in routine identification protocols. 
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Resumen 
Los sílidos son bien conocidos por su tipo de reproducción único. Cuando la época 
de reproducción se acerca, algunas especies forman un estructura reproductiva peculiar 
llamada estolón, que se parece al adulto pero que únicamente contiene los gametos. El 
estolón se forma en el extremo posterior del adulto (stock), y cuando está maduro se libera 
en la columna de agua, y es allí donde ocurre la liberación de los gametos. La 
estolonización es un proceso sincrónico para cada especie, probablemente controlado por 
ritmos circadianos y circalunares endógenos, que a su vez están controlados por factores 
exógenos. Se cree que la estolonización está regulada por una hormona producida en el 
prostomio, que a su vez controla la producción de otra hormona inhibidora producida en 
el proventrículo (zona especializada del tracto digestivo). Sin embargo, los mecanismos 
moleculares implicados en la estolonización no se conocen. Con el objetivo de 
caracterizar molecularmente el proceso de estolonización en Syllis magdalena utilizamos 
Illumina RNA-seq para obtener patrones de expresión génica de cinco partes diferentes 
del individuo (prostomio, proventrículo, segmentos finales del stock, y parte anterior y 
posterior del estolón) en ejemplares macho y hembra. Ensamblamos de novo dos 
transcriptomas de referencia, agrupando las reads de todas las partes sómaticas de 
individuos reproductivos e individuos no reproductivos para uno de ellos, y agrupando 
las reads de las partes somáticas y reproductoras (estolones) de todos los individuos 
reproductivos para el otro. Los genes más expresados en nuestros tejidos fueron aquellos 
involucrados en la regulación de ritmos circadianos y hormonas secretoras tyroideas 
(TEF), genes de atracción para el apareamiento (temptin) y genes relacionados con la 
gametogénesis (OVCH, Hsp70, Hsp90, vitellogenin, NOTCH, cyclin A, entre otros). 
También encontramos varios candidatos potenciales para factores de inhbición de la 
estolonización expresados en el proventrículo, como gnRH-R y el receptor FMRFamide 
receptor, y factores promotores de la estolonización expresados en el prostomio, como as 
gcnf nr6a1. Además, encontramos la maquinaria molecular de determinación de la línea 
germinal completa expresada en los segmentos finales del stock y en los estolones, 
incluyendo vasa, PL10, piwi, smaug and mago-nashi, además de otros genes como 
vitellogenina, NOTCH, cyclina A, relaxin, y TTF1. Nuestros resultados refuerzan la 
hipótesis sobre el rol esencial del proventrículo y el prostomio como controladores de la 
estolonización en sílidos, y proporcionan por primera vez una instantánea detallada de los 
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patrones de expresión de los genes implicados en la formación de gametos  en una especie 
de sílido.  
 
Abstract 
Syllids are well-known for their unique and remarkable reproductive biology. 
When the breeding season approaches, some species form a peculiar reproductive 
structure, called stolon, usually resembling the adult but containing only gametes. The 
stolon is formed in the posterior end of the adult (stock), and, when mature, it is released 
into the water column where spawning of the gametes occurs. The stolonization process 
is synchronous for each species, probably controlled by endogenous circadian and 
circalunar rhythms, which are affected by exogenous factors. It has been hypothesized 
that the stolonization process is regulated by a hormone produced in the prostomium, 
controlling a second inhibitory hormone produced in the proventricle (specialized zone 
of the digestive tract). However, the molecular mechanism involved in the stolonization 
process remains unknown. Towards this end, and using Illumina RNA-seq in a syllid 
species, Syllis magdalena, we have characterized the gene expression of five different 
tissue types (prostomium, proventricle, final segments of stock, anterior and posterior 
parts of stolons) under three conditions: before, during and after stolonization of both 
female and male specimens. We performed de novo assembly to build two reference 
transcriptomes, pooling reads of the somatic parts of all reproductive and non-
reproductive individuals for one reference transcriptome, and all the tissues of the 
reproductive individuals for the other transcriptome.  The highly expressed genes in our 
samples were those involved in circadian rythms and tyroid-like releasing hormones 
(TEF), mate attraction (temptin) and gametogenesis (OVCH, Hsp70, Hsp90, vitellogenin, 
NOTCH, cyclin A, among others). We found several candidates for stolonization-
inhibiting factors expressed in the proventricle, such as gnRH-R and FMRFamide 
receptor, and stolonization-promoting factors expressed by the prostomium, such as gcnf 
nr6a1. In addition, we found the complete germline determination toolkit expressed in 
the final segments and the stolons, including vasa, PL10, piwi, smaug and mago-nashi, 
as well as other reproductive genes such as vitellogenin, NOTCH, cyclin A, relaxin, and 
TTF1. Our results reinforce the working hypothesis about the role of the proventricle and 
prostomium as controllers of stolonization in syllids, and provide a detailed snapshot of 
the genes involved in the formation of gametes for the first time in a syllid species. 
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Introduction 
The family Syllidae has traditionally attracted attention due to its remarkable 
reproduction (Nygren, 1999). Syllids exhibit epitoky, which largely implies 
morphological changes associated with reproduction (Malaquin, 1893), presenting a great 
variety of reproductive modes. Among the most singular is squizogamy or stolonization 
where a part of the individual transforms into an epitokal sexual stage (Franke, 1999). 
When the breeding season approaches, the syllid’s atokous form (or stock) starts to 
develop a peculiar structure resembling the adult at the end of its body, known as stolons 
(Agassiz, 1863). The stolons present several features similar to the stock (eyes, antennae, 
segments with parapodia, etc.), but they are completely filled with gametes, as their brief 
existence is exclusively devoted to mating, followed by death (Franke, 1999). The stock 
produces and transfers the gametes to the stolon, and when the stolon is mature, it releases 
from the stock, and swims to the surface where it spawns (Potts, 1911; Mesnil & Caullery, 
1919). The pelagic stolons release the gametes into the water column, via the 
nephridiopores in the case of sperm, and through rupture of the body wall for the eggs 
(Franke, 1980; Wissocq, 1966, 1970; Schroeder & Hermans, 1975; Okada, 1937; 
Durchon, 1951, 1952, 1959). In addition, before or after the stolon detachment 
(depending on the species), the stock regenerates the final segments of its body (e.g., 
Marion, & Bobretsky, 1875; Michel, 1898; Okada, 1929) (summarized in Fig. 1A).  
The stolonization process has been reported to be controlled by endogenous 
circadian and circalunar rhythms influenced by exogenous factors, such as annual 
photoperiod, temperature or moon cycles (Franke, 1999). It has been hypothesized that 
during the summer time (long days and high temperatures), a hormone produced in the 
prostomium (anterior part of the animal) controls a second inhibitory hormone produced 
in the proventricle (specialized zone of the digestive tract), allowing the initiation of 
stolonization (Franke, 1999). In contrast, during winter (short days and low 
temperatures), the proventricle is not controlled by the prostomium and the proventricular 
hormone then inhibits stolonization (e. g. Abeloos, 1950; Durchon, 1952, 1959; Durchon 
& Wissocq, 1964; Wissocq, 1966; Franke, 1980, 1981, 1983a, b, 1985, 1999; Heacox, 
1980; Heacox & Schroeder, 1982; Franke & Pfannenstiel, 1984; Verger-Bocquet, 1984). 
In addition, syllid reproduction is also influenced by lunar rhythms, since species are 
often synchronized with the moon cycle (Franke, 1985, 1986a; Fischer & Fischer, 1995; 
Gaston & Hall, 2000). It has also been reported that there are hormonal factors involved 
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in the sexual differentiation of stolons (Kahmann & Franke, 1984; Franke, 1980; Heacox 
& Schroeder, 1982), and it seems that male stolon differentiation occurs autonomously, 
whereas female stolon differentiation relies upon hormones released by the male stolon 
(Franke, 1999).  
 
 
Figure 1. Syllinae schizogamous reproductive cycle (stolonization) using light microscope pictures of 
Syllis magdalena (A).  Schematic drawing of S. magdalena collected specimes showing the dissected parts 
used for gene expression analyses; specimens starting the stolonization process (preREPRO) and after the 
stolon release (postREPRO) were dissected in 3 parts (A, P and F), whereas both females and males 
specimens were dissected in 5 parts (A, P, F, AS, FS). 
 
The molecular toolkits involved in the reproductive process (e.g Vacquier, 1998; 
Howes & Jones 2002; Extavour, 2007) of polychaetes have been briefly studied in the 
nereids Alitta virens and Platynereis dumerilii (e.g., Hafer et al., 1992; Rebscher et al., 
2007) and the capitellid Capitella teleta (Dill & Seaver, 2008; Thamm & Seaver, 2008; 
Giani et al., 2011). Germline specification involves the expression of the genes vasa, 
nanos, and piwi during embryogenesis (Dill & Seaver 2008; Rebscher et al., 2007; 
Thamm & Seaver 2008; Giani et al., 2011), although vasa is also reported to have a role 
in somatic cell segregation and regeneration of polychaetes (Rebscher et al., 2007). 
Besides germ cell segregation, the process of yolk formation has been studied at the 
molecular level in Alitta virens, with the identification of a vitellogenin protein in its 
oocytes (Hafer et al., 1992). Additionally, genes that are essential in reproduction, such 
as those involved in the germ line, gametogenesis or fertilization, have been also reported 
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in several non-polychaete annelids (Kang et al., 2002; Rivera et al., 2005; Novo et al., 
2013). However, a comprehensive study identifying genes involved in all reproductive 
processes, from germline segregation to gamete formation has never been conducted in 
polychaetes.  
 
Chemical signals are an ancient and an essential form of communication between 
animals (e. g. Atema & Burd, 1976; Fletcher & Blum, 1983; Ram et al., 1999; Susswein 
& Nagle, 2004; Sorensen, 2004), and particularly pheromones have traditionally attracted 
the attention of researchers due to their implication on recognition, developmental 
processes or behavioral reactions within (or in closely-related) species (e. g., Burke, 1986; 
Olsén et al., 1998; Zeeck et al., 1996; Roelofs et al., 2003; Cardé & Millar, 2009; 
Macosko et al., 2009). In annelids, several pheromones involved mainly in spawning, 
have been described (Boilly-Marer, 1974; Zeeck et al., 1998a, b, c; Ram et al., 1999). In 
fact, two of the best-known sex pheromones in marine invertebrates, Temptin and 
Attractin (Painter et al., 1998; Cummins et al., 2004, 2006, 2007), have been recently 
described in several species of annelids (e.g., Takahashi et al., 2009; Novo et al., 2013). 
The pheromone machinery involved in the remarkable reproduction of Syllidae is 
however unknown.   
 The periodicity of the reproductive changes in syllids, as in several other animals, 
may be driven by internal biological clocks that help the organisms to synchronize and 
anticipate to the rhythmic changes in the environment (Chesmore et al., 2016). It has been 
already reported that the polychaete life cycle is controlled by several rhythms, including 
day-night cycles (circadian), lunar/semilunar cycles or tides, that induce changes in 
physiology, reproduction, or behavior of species (e.g., Tessmar"Raible et al., 2011; 
Zantke et al., 2013). Specifically, in several species of nereids, eunicids and syllids, the 
reproductive behavior has been reported to be synchronized either with the tidal activity 
or with the daily and lunar cycles (Caspers, 1984; Franke, 1986b, 1999; Last et al., 2009). 
For instance, in Syllis prolifera, one of the best-studied syllids, the reproductive process 
follows an annual, monthly, and daily pattern, related to seasonal changes (day length and 
temperature), lunar changes, and daily changes of light and darkness (Franke, 1986). 
However, the endogenous molecular clock that is involved in the synchronization of 
polychaete reproduction remains poorly understood in syllid stolonizing species.  
In summary, although syllid reproduction has been profusely studied by many 
authors (e.g., Franke, 1980, 1981, 1983a, b, 1985, 1999; Heacox & Schroeder, 1982; 
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Franke & Pfannenstiel, 1984; Weidhase et al., 2016), the molecular toolkit involved in 
stolonization has never been studied. Thus, the aim of our research is to provide a 
snapshot of gene expression during the stolonization process in a syllid species, Syllis 
magdalena.  To achieve this goal, we have three main objectives: 1) to characterize the 
transcriptome of S. magdalena, before, during and after reproduction, using both female 
and male specimens, comparing the levels of expression in different tissues; 2) to identify 
the genes previously known to be involved in the reproductive process, such as 
pheromones, germ line determination genes, gametogenesis and fertilization genes, and 
photosensory and circadian/circalunar genes; and 3) to understand the evolution of 
reproductive genes in annelids.  
 
Material and methods 
Sample collection and preservation 
Eight individuals of Syllis magdalena were collected in intertidal algae turfs of 
Ulva rigida and Perumytilus purpuratus beds, in Las Cruces, Central Chile (S 33º 30’ 
06”, W 71º 37’ 55”) in January 2014. Three specimens were sampled 2 days before the 
full moon (12th Jan, 2014) and were initiating stolonization (hereafter preREPRO 
specimens); four specimens were collected during full moon (15th Jan, 2014), two 
developing a female stolon and the other two a male stolon (hereafter REPRO 
specimens); finally, one specimen was collected during the new moon (30th Jan, 2014), 
after the stolon release (hereafter postREPRO specimen). All specimens were dissected 
in 3 parts (Fig. 1B): anterior part (A, prostomium and first 2–3 segments), proventricle 
(P, segments containing the proventricle) and final part (F, pygidium and 2–3 final 
segments). In addition, specimens collected during stolonization were dissected out in 2 
additional fragments, the anterior half part of the stolon (AS) and posterior half part of 
the stolon (FS) (Fig. 1B). All samples were quickly fixed in RNAlater and stored at -80 
ºC upon arrival to the laboratory, and kept at -80 ºC until RNA extraction. Two additional 
male and female stolons were preserved complete in 2.5% glutaraldehyde in 0.4M PBS 
for electron microscopy. 
 
RNA extraction 
Each tissue sample was transferred to a microcentrifuge tube containing 500 µL 
of TRIzol (Invitrogen), and processed with a RNase-free plastic pestle to break down the 
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tissue, and isolate RNA and DNA. Then, another 500 µL of TRIzol and 10 µL of glycogen 
were added. After 10 min incubating the mixture at room temperature (RT), 100 µL of 
the RNA isolating reagent bromochloropropane (BCP) was mixed by vortexing. After 10 
min incubation at RT, samples were centrifuged at 16,000 relative centrifugal force (rcf) 
units for 15 min at 4 °C to separate the solution into 3 layers. The upper aqueous layer, 
which contained total RNA, was recovered and mixed with 500 mL of isopropanol, and 
incubated at –20 ºC overnight. Afterwards, the sample was centrifuged at 16,000 rcf for 
15 min at 4 ºC, and the supernatant was removed. Total RNA precipitation was performed 
by washing the remaining pellet twice by adding 1 mL of 75% ethanol and centrifuging 
it at 16,000 rcf at 4 °C for 5 min. The dried pellet was eluted in 100 µL of RNA Storage 
solution (Invitrogen). mRNA purification was done with the Dynabeads mRNA 
Purification Kit (Invitrogen), following manufacturer’s instructions. After incubation of 
total RNA at 65 ºC for 5 min, the samples were incubated for 30 min with 200 mL of 
magnetic beads in a rocker and washed twice with washing buffer.  
Thirteen µL of 10 mM Tris-HCl were added to the elute, and the mixture was 
incubated at 80 °C for 2 min. The supernatant was immediately transferred to a 0.5 mL 
microcentrifuge tube and stored at -80 °C if the next use was after 1 day or at -20 °C if 
next planned use was within 1 day. Quality of mRNA was measured with a pico RNA 
assay in an Agilent 2100 Bioanalyzer (Agilent Technologies). Quantity was measured 
with an RNA assay in a Qubit fluorometer (Life Technologies). Further details about 
RNA prep protocols can be found in Fernández et al. (2014). 
 
 
cDNA Library Construction and Next-Generation Sequencing 
cDNA libraries were constructed from extracted mRNA in the Apollo 324 
automated system using the PrepX mRNA 8 Protocol Kit (IntegenX) set to 200 base pairs 
(bp) and stranded mRNA, found under the Library Prep Illumina setting. A Polymerase 
Chain Reaction (PCR) was run to amplify cDNA libraries, using the KAPA Library 
Amplification Kit. PCR was run as follows: denaturation (45 sec at 98 ºC), cycling (15 
sec at 98 ºC, 30 sec 60 ºC, and 15 sec at 72 ºC, for 16 cycles), and final extension (1 min 
at 72 ºC). During the PCR process, the samples were marked with a different index to 
allow pooling for sequencing. cDNA library quality and size were measured through a 
dsDNA High Sensitivity (HS) assay in an Agilent 2100 Bioanalyzer (Agilent 
Technologies). A quantitative real-time PCR (qPCR) was run to measure cDNA library 
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concentration using the KAPA Library Quantification Kit. qPCR settings were as 
follows: Initial denaturation (5 min at 95 °C for 1 cycle), then denaturation (30 sec at 95 
°C) and annealing/extension/data acquisition (45 sec at 60 °C) combined for 35 cycles. 
The samples were then run through the Illumina HiSeq 2500 platform with paired-end 
reads of 150 bp for sequencing, at the FAS Center for Systems Biology at Harvard 
University. 
 
Sequence processing and de novo assembly 
Demultiplexed Illumina HiSeq 2500 sequencing results of the 30 tissue samples, 
in FASTQ format, were retrieved; the quality of the raw reads was assessed and visualized 
using FASTQC v. 0.11.5 (www.bioinformatics.babraham.ac.uk). Adapter sequences and 
bases with low-quality phred scores (<30) were trimmed off, and a length filter was 
applied retaining sequences of >25 bases using TRIMGALORE v. 0.4.2 
(www.bioinformatics.babraham.ac.uk). 
Two de novo transcriptome assemblies for Syllis magdalena were constructed 
with the software Trinity (Grabherr et al. 2011; Haas et al., 2013): a reference 
transcriptome (REFSOM) for the three conditions of the species (preREPRO, REPRO, 
postREPRO) was assembled including only the somatic parts (A, P, F) of each individual 
(23 libraries); and a complete reference transcriptome for the reproductive condition 
(REFTOTREPRO) was assembled including the 5 different parts (A, P, F, AS, FS) of 
each individual (13 libraries). We did not obtain enough RNA from two of the tissues, P 
of specimen 4 and AS of specimen 5, to build a library, and therefore conditions P and 
AS were represented by a single library. We assembled two different reference 
transcriptomes given the large amount of raw reads (> 500 million reads) that would have 
proved computationally challenging for assembling a single reference transcriptome with 
the available computational resources. Raw reads and assembled sequences have been 
deposited in the Sequence Read Archive (SRA; in process). 
 
Transcriptome characterization: Blast and Annotation 
Annotation of transcriptome contigs or transcripts (containing all isoforms) for 
both de novo assemblies was done separately using BLASTX against a selection of non-
redundant (nr) database from NCBI containing only proteins from Metazoa, with an 
expected value (E-value) cutoff of 1e-5 (Altschul et al., 1997). Blast results of the two de 
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novo assemblies were used to retrieve Gene Ontology (GO) terms with BLAST2GO 4.0.2 
(Conesa et al., 2005) under three different categories: cellular component (CC), 
biological processes (BP), molecular function (MF), that are hierarchically organized into 
different levels. In addition, GO enrichment analyses using Fisher’s test were also done 
in BLAST2GO to see which GO terms appeared significantly overrepresented in pairwise 
comparisons between both REFSOM and REFTOTREPRO transcriptomes. The p-value 
for the reciprocal comparisons was adjusted to a 0.05 false discovery rate (FDR) 
(Benjamini & Hochberg, 1995). The comparisons were performed to show the most 
important divergences in GO-term enrichment between both reference transcriptomes.  
 
Expression levels 
In order to obtain expression levels (read counts) of genes (all isoforms collapsed) 
for each tissue type (A, P, F, AS, FS) of S. magdalena specimens in all reproductive 
conditions (preREPRO, REPRO, and postREPRO), paired reads after trimming were 
mapped against the reference transcriptome, using BOWTIE2 v. 2.2.1 (Langmead & 
Salzberg, 2012), as implemented in Trinity (Grabherr et al., 2011). RSEM v. 1.2.11 (Li 
& Dewey, 2011) was used to generate read counts.  
 
Selection of genes 
To characterize gene expression profiles for each body part during the three 
reproductive conditions (preREPRO, REPRO, and postREPRO), we selected the 10 most 
expressed genes in each tissue type of S. magdalena. The Galaxy web-based platform 
(http://usegalaxy.org) was used to join the RSEM results of each sample with BLASTX 
results for the de novo assemblies. In addition, we chose some previously reported genes 
involved in reproductive processes (germline determination, gametogenesis, and 
fertilization), circadian and circalunar clock rhythms, and pheromonal and hormonal 
signaling and neuropeptides of annelids and other metazoans (e.g., Park et al., 2001; 
Cummins et al., 2004; Benito et al., 2010; Gavriouchkina et al., 2010; Novo et al. 2013; 
Elphick & Mirabeau, 2014; Pérez-Portela et al., 2016) and characterize their expression 
during the three conditions in all body parts.  
 
Phylogenetic analyses  
The evolutionary history of selected genes (vasa, PL10 and timeless) that could 
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potentially be involved in the formation and release of stolons was also assessed through 
phylogenetic inference. The translated amino acid sequences of vasa, PL10 and timeless 
were aligned with orthologs of the same genes in other metazoans obtained from 
GenBank using MUSCLE ver. 3.6 (Edgar, 
2004). Both vasa and PL10 are DEAD-box helicases and were analyzed together. We 
selected the best-fit model of amino acid substitution (LG + Γ + G) with ProtTest ver. 2.4 
(Abascal et al., 2005) under the Akaike Information Criterion (Posada & 
Buckley, 2004) and later fed into the software for phylogenetic reconstruction.  
Maximum likelihood analyses of vasa + PL10 and timeless were conducted in RAxML 
ver. 7.2.7 (Stamatakis, 2006) with 500 independent searches, and 500 bootstrap replicates 
(Stamatakis et al., 2008).  
 
Transmission electron microscopy (TEM) 
Specimens fixed in 2.5% glutaraldehyde were later postfixed in 1% osmium 
tetroxide and rinsed twice in PBS before dehydration with an increasing series of acetone 
(from 50% to 100%). Samples were further embedded in epoxy resin, serially sectioned 
with an ULTRACUT ultramicrotome at 64 nm, post-stained with uranyl acetate and lead 
citrate, and observed with a JEOL JEM1010 microscope at the Serveis Científico-Tècnics 
(SCT) at the Universitat de Barcelona and at the Servicio Interdepartamental de 
Investigación (SIDI) of the Universidad Autónoma de Madrid. 
 
Results & Discussion 
Ultrastructure of the stolons of Syllis magdalena 
The stolons of Syllis magdalena were dicerous, with two pairs of red eyes and one 
pair of antennae formed in the beginning of stolonization (Fig. 1A, 2A-B), similar to the 
process observed in Syllis amica (see Wissoq, 1970) but contrary to the late formation of 
head structures in Syllis gracilis (see Pettibone, 1963) or Syllis hyalina (see Malaquin, 
1893). Natatorial capillary chaetae were not developed during the stages in which the 
stolon was attached to the stock.  
The female stolons were purple, completely full of oocytes arranged around the through 
gut (Fig. 1A, 2C-D). The epithelium of the female and male stolons was columnar, 
comprised by large epithelial cells (>10 µm in maximum length) with basal non-
nucleolated nuclei, and large globular glandular cells with electrondense material (Fig. 
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2C). In both stolons, below the epithelia, there was a thick layer of muscle fibers, then 
the germinative epithelium, and finally the digestive epithelium (Fig. 2C-F). The muscle 
fibers of both female and male stolons presented the regular morphology of muscle fibers 
of the adults, with a double striation and 25-35 myofilaments and clusters of mitochondria 
near the tips (Fig. 2C, E).  We did not observe the “stolonal” muscle fibers described in 
Syllis amica with the mitochondria towards the middle of the fiber (Wissoq, 1967) while 
attached to the stock. It is possible that the reorganization of the muscle fibers takes place 
later in the stolonization process, but it is improbable, given that it occurs during head 
formation in the stolon in S. amica (Wissoq, 1967), a process we did observe in S. 
magdalena.  
In the female germinative epithelium, large yolky oocytes (50 µm approximately) 
appeared surrounded by non-nucleolated nurse cells (Fig. 2D). Oocytes were connected 
by microvillar processes (Fig. 2D). The male germinative epithelium only contained two 
large sacs of spermatogonia in the specimens collected (Fig. 2E-F). Spermatogonia (ca. 
1 µm in diameter) were densely packed and possess a non-nucleolated nucleus with 
chromatin condensation processes (Fig. 2E-F). The digestive epithelium was comprised 
of large (>10 µm in maximum length) convoluted multiflagellated cells (Fig. 2F). We did 
not observe digestive material in the lumen of the stolon gut (Fig. 2F).  
 
General characterization of the de novo transcriptomes 
All the details of the basic assembly statistics from the two de novo assemblies, such as 
number of genes and transcripts, as well as their percentages, N50, median and average 
transcript length, number of transcripts with blast hit, and number of annotated transcripts 
are summarized in tables 1 and 2. In addition, the information derived from the read 
mapping (read counts) of each tissue and specimen against both reference assemblies is 
also included in tables 1 and 2.  
The REFSOM reference transcriptome was constructed with 249,599,131 
trimmed reads from 23 libraries of the somatic tissues, that generated 637,115 unique 
transcripts with a total length of ~432 Mb (Table 1). The REFTOTREPRO reference 
transcriptome was constructed with 169,757,021 trimmed reads from A, P, F, AS and FS 
tissues of reproductive specimens, that generated 77,831 unique transcripts with a total 
length of ~242 Mb (Table 2).  
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 The spliced isoforms included in the assemblies were ~43% of the total assembly 
both in REFSOM and REFTOTREPRO. The N50 was over 700 nt in REFSOM and over 
  
Figure 2. Ligth microscopy pictures of the anterior part of Syllis magdalena female stolons; arrows pointing 
antennae (a) and two pairs of eyes (e) (A, B). Trasmission electron micrographs of S. magdalena female 
stolons (C, D) and male stolons (E, F). 
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Figure 3. Assigned Gene Ontology (GO) terms for each transcriptome including 3 different levels: CC, BP 
and MF (A). GO-term enrichment analysis based on the Fisher’s tests results of pairwise comparisons 
between both transcriptomes, showing the 36 processes overrepresented in REFSOM (B), and the 8 
processes overrepresented in REFTOTREPRO (C). 
 
 
1000 nt in REFTOTREPRO, the CG content was ~40% in both assemblies, the median 
and average transcript lengths in REFSOM were 454 and 677 nt, respectively, and 374 
and 679 nt in REFTOTREPRO (Tables 1 and 2). These numbers are above the average 
N50 values and average transcript length obtained for other annelids (e.g., Riesgo et al., 
2012; Andrade et al., 2015) although much smaller than the N50 values obtained for 
oligochaetes (Novo et al., 2016). The results obtained from the BLASTX, against a 
metazoan nr database showed 157,035 transcripts with hit in REFSOM and 88,009 
transcripts in REFTOTREPRO, which represent ~25% of the reference transcriptomes. 
In addition, we obtained GO terms for 156,594 transcripts in REFSOM and 82,273 in 
REFTOTREPRO, which represent ~23–25% of the reference transcriptomes. The 
coverage of our assemblies are similar or slightly higher than those in other studies on 
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marine invertebrates (e.g., Meyer et al., 2009; Riesgo et al., 2012; Pérez-Portela et al., 
2016).  
An overview of the assigned GO terms for each transcriptome, including 3 
different levels: CC, BP and MF, and GO enrichment analyses using Fisher’s test are 
shown in Fig. 3. The GO enrichment results for the comparisons of both transcriptomes 
showed 36 processes overrepresented in REFSOM related to cellular organization and 
regulation, metabolism or binding, among others (Fig. 3B).  In contrast, only 8 processes 
appeared enriched in REFTOTREPRO, mainly related to signaling activity (Fig. 3C). 
Interestingly, one of these enriched processes is the activity of G-protein coupled 
receptors, that bind light-sensitive compounds, pheromones, hormones, neurotransmitters 
and other ligands involved in secretory processes or cell development (e.g., Li et al., 
1999; Iversen et al., 2002; Hauser et al., 2006; Asahara et al., 2013). The results of several 
of these G-protein coupled receptors expression levels on the different tissues and 
conditions analyzed are discussed below. 
The aligned reads from the different tissues and specimens mapped onto the de 
novo assemblies varied from ~5,000,000 to ~19,000,000 for each reference transcriptome 
(Tables 1 and 2). However, the reads that yielded transcripts varied from ~27,000 to 
~200,000 in REFSOM (Table 1), and from ~37,000 to ~100,000 in REFTOTREPRO 
(Table 2).   
 
Characterization of the gene expression in different parts of the animal body 
(10 most expressed genes) 
In order to characterize the gene expression in the different tissues (A, P, F, AS 
and FS) and conditions in the specimens analyzed, we selected the 10 most expressed 
genes for each sample, i.e. a total of 38 genes in REFSOM and 43 for REFTOTOREP 
(Supplementary Material S1 and S2). Overall, most tissues and conditions had highly 
expressed genes involved in key cellular process such as cell division, cell motility, 
growth, proliferation, regulation, or metabolism (Supplementary Material S1 and S2). In 
order to further characterize the differences in expression levels of target genes, from 
these 81 genes, we focused on those most highly expressed related to reproduction (germ 
line determination, gametogenesis and fertilization), mate recognition, and 
circadian/circalunar processes to evaluate the differences between the gene expression in  
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Figure 4. Heatmap of gene expression levels in target genes showing the differences between specimens 
and parts before (preREPRO), during (REPRO) and after (postREPRO) the stolonization: Fifteen most 
highly expressed genes related to reproduction (germ line determination, gametogenesis and fertilization), 
mate recognition, and circadian/circalunar processes (A). Pheromones, other hormones, neuropeptides and 
secretion-related genes (B). Reproductive genes (C). Photosensory, Circadian and Circalunar genes (D). 
 
specimens before (preREPRO), during (REPRO) and after (postREPRO) stolonization 
(Fig. 4A). In A, P and F tissues of both female and male REPRO specimens (Fig. 4A) we 
found high expression for the thyrotroph embryonic factor (TEF), a factor that has been 
reported in mammals, birds and zebrafish as a regulator of light-induced genes and as a 
circadian transcription factor (e.g., Dardente et al., 2010; Gavriouchkina et al., 2010). 
Since TEF also controls thyrotropin-releasing hormone (TRH, or thyroid-stimulating 
hormone, TSH) involved in seasonal reproduction (e.g., Nakao et al., 2008; Ono et al., 
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2009), we suggest a role in the reproductive timing of S. magdalena (see sections below 
for further discussion). Another interesting result was the high expression of the gene for 
the pheromone Temptin, mainly in A of male specimens but also in male stolons (Fig. 
4A). This pheromone, together with Attractin has been reported in other annelids 
(Takahashi et al., 2009; Novo et al., 2013), as well as in the mollusk Aplysia, where it 
plays a role in mate recognition (e.g., Cummins et al., 2004, 2006, 2007). Specifically, 
the gene temptin was expressed in the digestive tissues of two oligochaete species of the 
genus Hormogaster, suggesting that it is released with the casts to leave an attractant trail 
(Novo et al., 2013). The results obtained in our analyses suggest both the implication of 
the prostomium (A) in mate attraction by the expression of temptin, and the possible role 
of the gene in the synchronization of the stolon release. Interestingly, a different 
expression pattern was found for other temptin paralogues (Fig. 4B), which may suggest 
more than one function of these pheromones in S. magdalena reproduction (see next 
section with comparisons between all the pheromones).   
Regarding gametogenesis, several genes were highly expressed in our samples, 
but remarkable gene expression patterns were found for ovochymase (OVCH), heat shock 
proteins (Hsp70, Hsp90), vitellogenin, neurogenic locus notch (NOTCH), and cyclin A 
(Fig. 4A). Ovochymase is an ovary-specific gene involved in egg development, that has 
been reported in several animals (e.g., Lindsay & Hedrick, 1995; Gao & Zhang, 2009; 
Mino & Sawada, 2016), but never in annelids. Our results showed that OVCH1 is highly 
expressed in the proventricle (P) of female specimens, suggesting the involvement of the 
proventricle in S. magdalena oogenesis. However, similarly to what happens with the 
different temptin paralogues, different expression patterns were found in other 
ovochymase paralog, OVCH2 (see sections below for further discussion). The Hsp70 
proteins are in general related to cellular stress processes (Parsell & Lindquist, 1993), but, 
in particular, they have also been reported to be highly expressed in oocytes and 
spermatogenic cells of different vertebrates, as a response to temperature changes (e.g. 
Bienz & Gurdon, 1982; Bienz, 1984; Rosario et al., 1992). We have found two paralogues 
of the Hsp70 gene (Fig. 4A), one (Hsp70 1) highly expressed in all tissues of both female 
and male REPRO specimens, and the other one (Hsp70 2) highly expressed in all tissues 
of both preREPRO and postREPRO specimens (Fig. 4A). These results suggest that 
different Hsp70 paralogues may be involved in the response to temperature changes or 
other stress conditions depending on the reproductive state, and independently of the 
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tissue. On the other hand, the results obtained for Hsp90, which is highly expressed in A 
of both female and male REPRO specimens, agree with those studies that suggest its 
implication in gametogenesis of mammalians and Caenorhabditis elegans (e.g. Ecroyd 
et al., 2003; Inoue et al. 2006). In addition, this gene has been also reported to regulate 
the action of NOTCH (Chiosis et al. 1990) 
Finally, the gametogenesis-related genes vitellogenin, NOTCH and cyclin A, were 
highly expressed in the final parts and the solons of both female and male REPRO 
specimens (Fig. 4A). Vitellogenin, NOTCH and cyclin B (this last one not found in our 
assemblies) have been already reported to be involved in annelid gametogenesis or 
segmentation (e.g., Hafer et al., 1992; Chausson et al.,2004; Rivera et al.,2005; Thamm 
& Seaver 2008; Gazave et al., 2013), but this is the first time that cyclin A is characterized 
in a reproductive polychaete. In addition, the expression of these genes in the final part 
of the stock also indicates that gamete formation probably begins in the final segments of 
the stock (F) but it finalizes once the stolon is formed. In fact, we observed spermatogonia 
only in the stolons of S. magdalena (Fig. 2E-F), therefore suggesting that spermatogenesis 
is carried out in the stolons and not in the final segments of the stock. 
 
Pheromones, other hormones, neuropeptides and secretion-related genes 
Our results showed that two of the best-known sex pheromones characterized in 
marine invertebrates, including annelids, Temptin and Attractin (Painter et al., 1998; 
Cummins et al., 2004, 2006, 2007; Takahashi et al., 2009; Novo et al., 2013) are present 
also in Syllis magdalena (Fig. 4B). Furthermore, temptin 1 is one of the most expressed 
genes in the REPRO samples (Fig. 4A and discussion above). The other temptin 
paralogues, temptin 2 and 3 (Fig. 4B), are mainly expressed in preREPRO and 
postREPRO conditions, which suggests a double function of Temptin, one during the 
stolonization process (REPRO) and another before and after it. It is possible that the 
different paralogues work synchronizing different steps of the stolonization, with temptin 
2 and 3 synchronizing the onset and end of stolonization, and temptin 1 synchronizing the 
gametogenic process and stolon release. 
Likewise, temptin 2 and 3, our results show high levels of expression for attractin 
(ATRN) in all tissues of the non-reproductive specimens (Fig. 4B). Attractin, reported as 
a stimulator of sexually mature animals during egg-laying (e.g. Schein et al., 2001; 
Painter, 2004), may not act in the same way in S. magdalena, and in contrast it could play 
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a role in synchronizing the beginning and the end of stolonization. Another egg-laying 
inducer hormone in annelids, the Annetocin receptor (ANR) (Oumi et al.,1996), has been 
detected as highly expressed in our samples. However, similarly to what happens with 
ATRN, it seems that in S. magdalena this hormone may not be involved in the release 
and fertilization of gametes, since it is expressed only in preREPRO and postREPRO 
specimens (Fig. 4B).  
In the REPRO specimens, only relaxin and thyroid transcription factor (TTF1) 
have been found highly expressed in female REPRO specimens, mainly in F and the 
stolons (Fig. 4B). The insulin-related peptide relaxin, important for the growth and 
remodeling of reproductive tissues during mammal’s pregnancy (e.g., Gunnersen et al., 
1995; Hsu et al., 2002) and active in the ovary and during embryogenesis of zebrafish 
(e.g. Donizetti et al., 2008, 2010; Wilson et al., 2009), has also been reported in the 
invertebrate Ciona intestinalis (e.g., Ivell et al., 2005; Olinski et al., 2006), and in the 
starfish Asterina pectinifera (Mita, 2013; Mita et al., 2014), where it took part in the 
oocytes releasing form the ovary, but it is the first time that it is characterized in annelids. 
Our results agree with theses previous studies in suggesting that relaxin may also play a 
role in the growth and development of female gametes and gamete-containing structures 
(stolons) in S. magdalena, but also may be related to the release of oocytes from S. 
magdalena stolon as in the case of A. pectinifera (Mita et al., 2014). In addition, the TTF1 
hormone, reported to be related to mammalian puberty initiation (e.g., Ojeda et al., 2006; 
García-Segura et al., 2008), also seems to play a role in the development of S. magdalena 
ovules. As in the case of the previously discussed genes (see section above), these results 
suggest an important implication of the final segments (F) of S. magdalena stock in the 
onset of gametogenesis. 
Other important neuropeptides and secretion related genes are those from G-
protein coupled receptor family, involved in chemical communication and 
neuroendocrine regulation processes (Iismaa et al., 2013), that have been also found 
highly expressed in our specimens (see first section of results and Fig. 3C). Among them, 
only the ras-related C3 botulinum toxin substrate 1 (RAC1), reported to play various roles 
in mammalian cells, such as cytoskeletal organization, cell adhesion, migration or 
morphological changes (e.g. Didsbury et al., 1989; Asahara et al., 2013), has been found 
over expressed in all the tissues of our REPRO specimens (Fig. 4B). The other genes for 
G-protein coupled receptors, such as the thyrotropin-releasing hormone receptor (TRH-
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R), the calcitonin gene-related peptide receptor (CALCRL-R), the gonadotropin-
releasing hormone receptor (GnRH-R) the neuropeptide FF receptor (NPFF), the 
neuropeptides capa receptor (CAPAR), and the FMRFamide receptor (e.g., Greenberg & 
Price, 1983; Gon et al.,1990; Kumar et al.,2000; Iversen et al.,2002; Hummon et al., 
2005; Tsai, 2006; Conzelmann et al., 2013), were more expressed in both conditions of 
the non-reproductive specimens, which suggest their implication triggering and closing 
the stolonization processes (Fig. 4B). In particular, CAPAR and NPFF are highly 
expressed in A of preREPRO specimens, whereas GnRH-R and FMRFamide receptor are 
over expressed in P of preREPRO specimens; in addition, CAPAR and NPFF were also 
expressed in all tissues of postREPRO and FMRFamide receptor in A and P of 
postREPRO specimens (Fig. 4B). CAPAR has been characterized in the earthworm 
Eisenia fetida but only involved in muscle contraction, excretion and osmoregulation 
(Herbert et al., 2009). In contrast, NPFF has been described in lampreys as a mediator in 
the action of GnRH (Osugi et al., 2012; Elphick & Mirabeau, 2014), and therefore related 
to reproduction, since GnRH has been reported as essential to initiate and maintain the 
reproduction in vertebrates (e.g. Tsai, 2006). Although in some invertebrates, such as 
Octopus vulgaris or C. elegans, a reproductive role has been proposed for GnRH (e.g., 
Iwakoshi et al., 2002; Kanda et al., 2006; Lindemans et al., 2009), other studies have 
pointed out that the implication of GnRH in reproduction is not so clear, since it presents 
other general neural functions (Tsai et al., 20010). However, our results agree with those 
who suggest a role of GnRH in reproduction, since it is highly expressed mainly in 
preREPRO specimens (Fig. 4B) and therefore seems to be a trigger of stolonization.  
Similar results have been observed in the FMRFamide receptor, reported in 
several annelids to be involved in the control of esophageal motility (Krajniak & Price, 
1990; Krajniak & Greenberg, 1992; Krajniak & Klohr, 1999), but also in the asexual 
reproduction of Enchytraeus species (Yoshida-Noro et al., 2000; Niva et al. 2010). 
Additionally, TRH-R, that has been characterized in the gonads of fishes, suggesting its 
role in fish gamete physiology (Kumar et al., 2000), is mainly expressed in A of 
preREPRO and REPRO, and in all tissues of postREPRO specimens. Therefore, in our 
case, TRH-R could be another hormone involved in the beginning of stolonization, maybe 
signaling the start of gamete formation (high expression in A of preREPRO). But, it also 
seems to be important during the stolon development (high expression in A of REPRO) 
and at the end of it (high expression in postREPRO) (Fig. 4B).  
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Furthermore, in vertebrates the TRH-R, together with the TTF1 (Endo et al., 
1994), are involved in the development, growth and function of the thyroid gland (e.g., 
Kumar et al., 2000; Szkudlinski et al., 2002). Interestingly, TTF1 has been already 
characterized in the endostyle of the ascidians Halocynthia roretzi and Ciona intestinalis 
(Ogasawara et al., 1998), suggesting a common origin of the invertebrate endostyle and 
the vertebrate thyroid gland (Ogasawara et al., 1998; Hiruta et al., 2005). The endocrine 
(and environmental) control of reproduction has been largely demonstrated in 
polychaetes, usually bound to hormones released from the brain (e.g. Franke & 
Pfannenstiel 1984; Bentley et al.,1994; Andries, 2001). As we already mentioned in the 
introduction, the organ that has been traditionally (e.g. Franke, 1983a, b) and recently 
(Weidhase et al., 2016) proposed to have an endocrine function that regulates both 
stolonization and regeneration processes in syllids is the proventricle (P). Our results 
strongly suggest that these tyroid-like role is shared by both proventricle and prostomium, 
in agreement with several previous studies (e.g., Wissocq, 1966; Franke, 1999; Heacox, 
1980; Heacox & Schroeder, 1982; Verger-Bocquet, 1984), since both tissues expressed 
genes related to hormone and neuropeptide control of reproduction with a putative 
endocrine function.  
 
Reproductive genes: Germ line, gametogenesis, fertilization 
In addition to pheromones and other sex-related hormones and neuropeptides, 
several genes that are essential in reproduction of other metazoans, such as vasa, PL10, 
piwi, smaug, mago-nashi, vitellogenin, NOTCH or acrosin, among others, have been 
found also highly expressed in our analyses (Fig. 4C). In particular, vasa, PL10, piwi, 
smaug and mago-nashi, have been found highly expressed in the F and stolons of both 
female and male REPRO specimens, where gametes are formed (Fig. 4C). Thus, our 
results agree with the implication of this gene toolkit in the reproductive process via the 
germline determination previously reported in other annelids (e.g., Rebscher et al., 2007; 
Dill & Seaver 2008; Novo et al., 2013). However, high levels of expression were found 
for piwi in Capitella teleta regeneration tissues (Giani et al., 2011), but none of our piwi 
paralogs was highly expressed in the F of our postREPRO individuals, which was the part 
of the body that underwent regeneration after stolon release (Fig. 4C).  
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Figure 5. Phylogenetic reconstruction of the protein alignment for DEAD-box helicases vasa and PL10 
showing the two paralogous sequences of vasa and one for PL10 that were found highly expressed in our 
samples.  
 
 
Our two vasa paralogues obtained in both the REFSOM and REFTOTREPRO 
assemblies were very divergent (Fig. 5). In our phylogenetic tree of the DEAD-box 
helicase proteins vasa and PL10, vasa 1 seems to group with the vasa orthologs obtained 
in other annelids, but vasa 2 branched out the annelids and appeared basal to the rest of 
vasa orthologs from metazoans (Fig. 5). Although both paralogues were more expressed 
in the F and the stolons of female and male individuals than in the rest of 
tissues/specimens, vasa 2 was slightly less expressed than vasa 1 in male stolons (Fig. 
3C). Thus, these results may suggest that different paralogues could be performing 
different functions in the stolons of S. magdalena (Fig. 4C).  
Additionally, one more gene, never reported before in annelids, the orphan 
nuclear receptor nr6a1 (gcnf nr6a1), was also highly expressed mainly in the A of 
preREPRO and REPRO individuals (Fig. 4C). Gncf nr6a1 have been characterized in the 
oocytes and embryos of some vertebrates (e.g., Schol et al., 2002; Chung & Cooney, 
2003; Lan et al., 2003), and our findings suggest that may also be necessary to start and 
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continue the stolonization process in syllids. Another interesting gene involved in the 
germ line determination and never reported before in polychaetes, calreticulin (CARL), 
has been found expressed in all the tissues and conditions of S. magdalena, but highly 
expressed in the A and P of male REPRO and postREPRO specimens. Interestingly, 
CALR was characterized in the earthworm E. fetida, mainly in the brain, body wall 
muscles, sperm, and pharynx (Šilerová et al., 2007), which agree with our findings (Fig. 
4C), and suggest again the importance of both A and P in S. magdalena reproduction.  
Among the fertilization-related genes, we only found two paralogs of acrosin, and 
in contrast to what happens in other annelids (Novo et al., 2013), they are only slightly 
expressed in A and P of preREPRO and in the female REPRO specimens (Fig. 4C). 
Therefore, it seems that other non-described genes might be involved in the fertilization 
of syllids gametes.  
Finally, we previously have discussed the results obtained in gametogenesis-
related genes OVCH1, vitellogenin, cyclin A, NOTCH, Hsp70 and Hsp90 (see discussion 
above). However, there is another OVCH paralog (OVCH2) that is highly expressed both 
in P of female REPRO specimens (as OVCH1), but also in P of preREPRO individuals. 
These results, suggest the possible implication of the OVCH (and the P) both at the 
beginning and during the oogenesis processes (Fig 4C). 
 
Photosensory, Circadian and Circalunar genes 
Since we only collected reproductive specimens (REPRO) during the full moon 
phase (see methods section), our findings indicate that, as in the case of other syllids 
(Franke, 1985, 1986a; Fischer & Fischer, 1995; Gaston & Hall, 2000), S. magadalena 
reproduction was synchronized with the lunar cycle. In addition, in order to establish that 
our worms possessed an internal circadian clock, we searched for the core of circadian 
genes reported in other organisms (e.g., Levy et al., 2007; Müller et al., 2010; Zhang & 
Kay 2010; Reitzel et al., 2010; Vize et al., 2012; Chesmore et al. 2016), including 
polychaetes (Keplinger, 2010; Zantke et al., 2013). In the same way, and since light is 
the most common signal entraining the circadian rhythms (Glaser & Stanewsky 2005; 
Reitzel et al., 2010), we also looked for photosensory genes (Fig. 4D), such as the 
rhabdomeric opsin (r-opsin), that was characterized in the annelids Heobdella robusta 
and Platynereis dumerilii (Arendt et al., 2004; Döring et al., 2013; Randel et al., 2013; 
Gühmann et al., 2015), and other endocrine-related genes reported to be influenced by  
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Figure 6. Phylogenetic reconstruction showing the paralog sequences of thecircadian timeless paralogs 
found highly expressed in S. magdalena samples.  
 
 
circadian rhythms (e.g., Campos-Barros et al., 1997; Nakao et al., 2008; Dardente et al., 
2010; Kunst et al., 2014).  
In general, our results showed high expression of all the typical circadian genes, 
cryptochrome (CRY), period (PER), timeless, clock, casein Kinase 1 (CK-1), vrille, TEF, 
etc., specially in the A of preREPRO and REPRO specimens (Fig. 4D). This suggest both 
that the clock genes may be essential to trigger and maintain the stolonization in syllids, 
and it also seems that the brain is crucial for these behavioral rhythms in S. magdalena, 
as it has been already tested in other polychaetes (e.g., Zantke et al., 2013). However, 
different expression patterns were found in the circadian bmal1 and in a paralog of 
timeless (timeless 1) and CK-1 (CK-1c). bmal1 appeared highly expressed in all the 
tissues of male REPRO specimens, timeless 1 in the F and in the stolons of both female 
and male specimens, and CK-1c also in both female and male stolons (Fig 4D). These 
findings agree with studies performed during oogenesis and spermatogenesis of mice and 
Drosophila melanogaster that established the importance of bmal1, timeless and per for 
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the correct development of gametes (Beaver et al., 2003; Rush et al., 2006; Alvarez et 
al., 2008; Kennaway et al., 2012). Thus, clock genes in brain, were light sensitive and 
served as circadian genes, and in gonads they did not show daily oscillations in their 
expression levels, but were essential for oocytes and sperm formation (e.g., Rush et al., 
2006; Álvarez et al., 2008). In agreement to these studies, our phylogenetic analyses in 
both timeless paralogues also suggest a different function of this clock gene during S. 
magdalena stolonization (Fig. 6). Timeless 1, that appeared in the well-supported clade 
A, together with timeless from Capitella teleta (Fig. 6) is highly expressed in the final 
segments (F) and in the stolons of females and males specimens, which may imply a novel 
non-circadian function of this gene in S. magdalena reproduction with importance for the 
correct development of gametes. In contrast, timeless 2, that appeared in a well-supported 
clade with that of P. dumerilii (Fig. 6), and is highly expressed on the prostomium (A) of 
preREPRO and REPRO specimens, probably plays a central role in S. magdalena 
circadian clock mechanism.  
Finally, we also found high expression of r-opsin in the A of all the conditions 
analyzed in S. magdalena (Fig. 4D), that could be related to the presence of photosensory 
cells in the prostomium (probably in the eyes) of syllids, as it occurs in nereids (Randel 
et al., 2013) and dorvilleids (Purschke & Nowak, 2015). Interestingly, the low level of 
expression of this gene in the anterior part of the stolons (AS), that also present eyes, may 
suggest that the stolon’s eyes are non-functional or that they present different 
photosensory cells, such as the ciliary and phaosomous sensory cells characterized in 
other annelids (Purschke et al., 2006).   
 
 
 
Conclusions 
Using Illumina RNA-seq, we have produced the first transcriptomic 
characterization of the reproductive process in the family Syllidae. Here, we provide the 
molecular machinery involved in the stolonization process of Syllis magdalena, finding 
several genes involved in mate attraction, germline determination, gametogenesis and 
circadian rhythms (Fig. 4). 
The most expressed genes of our samples have been those involved in circadian 
rythms and tyroid-like releasing hormones (TEF), mate attraction (temptin) and 
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gametogenesis (OVCH, Hsp70, Hsp90, vitellogenin, NOTCH, cyclin A, among others). 
The high expression levels of temptin 1 in male tissues (in A and in stolon), allow us to 
consider both that the prostomium (A) is involved in mate attraction, and that temptin 1 
plays an important role in the stolon release. In addition, the expression patterns of the 
other temptin paralog also suggest its implication before and after S. magdalena 
reproduction, as it also happened with other pheromones and neuropeptides, such as TRH-
R, CAPAR, NPFF, ATRN and ANR.  
Furthermore, the importance of the proventricle (P) and OVCH1 in S. magdalena 
oogenesis is also reported, as well as the implication of the final segments of the stock 
(F) at the beginning of both female and male gamete formation (high expression of vasa, 
PL10, piwi, smaug, mago-nashi, vitellogenin, NOTCH, cyclin A, relaxin, TTF1). Other 
genes resulted highly expressed in the proventricle but before and after the stolonization 
process, such as OVCH2, GnRH-R and FMRFamide receptor, highlighting the role of P, 
not only during the reproduction, but also for triggering and completing the reproductive 
cycle. However, the promising role of P as the thyroid-like gland in syllids, could not be 
tested, since our results showed that this role should be shared also with the prostomium 
(A), which expresses several hormones, neuropeptides and reproductive-related genes, 
such as CAPAR, NPFF or gcnf nr6a1. Weidhase et al. (2016) have recently found no 
glandular structures in the proventricle of the syllid Typosyllis antoni, although both the 
proventricle and the prostomium seem to play a significant role in the stolonization of the 
worm. They suggest that the nervous system structures located within and around the 
proventricle might be the ones responsible for its secretion of neuropeptides and other 
proteins with relevant roles in the reproduction of syllids (Weidhase et al., 2016). Even 
if not the proventricle itself, but the nervous system associated to it, it is clear that the 
proventricle region and the prostomium play essential roles for the stolonization in 
syllids. In 1983(a,b) Franke proposed two factors controlling stolonization: one inhibiting 
stolonization and secreted by the proventricle and one promoting stolonization and 
released by the prostomium. Our results indicate that it may not be a single factor or 
hormone, but a combination of them. We found several candidates as stolonization-
inhibiting factors expressed in the proventricle, such as gnRH-R and FMRFamide 
receptor, and stolonization-promoting factors expressed by the prostomium, such as gcnf 
nr6a1. 
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We also report that reproduction in S. magdalena is synchronized with the full 
moon and also we stablish the core of genes involved in circadian rhythms (CRY, PER, 
TIM, clock, CK-1, vrille, bmal1, TEF, etc.), that are mainly expressed in the prostomium, 
probably in the brain, although this will require further analyses at levels not attempted 
here. Furthermore, we reported a novel non-circadian function for the clock genes 
timeless, ck-1 and bmal1. In addition, we also characterized for the first time the genes 
cyclin A, relaxin, CAPAR and CARL during the reproduction of S. magdalena, never 
before found in reproductive polychaetes.  
Overall, our results shed light into the process of stolonization in syllids, 
improving our understanding of how pheromones and other secretion-related genes, 
gametogenesis-related genes, germ line determination genes, or circadian clock genes, 
regulate reproduction. However, the transcriptomic approaches adopted here do not allow 
to locate specifically the expression of these genes, and further studies are needed to 
provide a full view of the expression patterns during the reproduction of S. magdalena. 
In addition, RNAi experiments to prevent the expression of G-protein coupled receptors 
and other hormones and neuropeptides are promising routes to understand their role 
during stolonization in syllids.   
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Discussion 
Taxonomy, Systematics and Ecology in Syllinae 
Taxonomy and systematics in Syllis 
The taxonomic work on any organism should be based on the robust pillars of 
unequivocal identification, an any taxonomist might agree in which that has proved to be 
an arduous if not impossible task in numerous instances. Early naturalists paid very little 
attention to type species or type localities, and that is now creating a great deal of 
confusion in many different groups. Such confusion was already noted in the beginning 
of the 20th century by the mammalogist Bayley (1933), who highlighted that ‘much of 
the accuracy and stability of our present knowledge of specific characters and ranges of 
the various species and subspecies depends upon adequate series of specimens from the 
type locality’. Especially in syllids, with many ‘old’ (prior to the 20th century) 
descriptions detailing very little morphological features (which can now be applied to 
many different taxa), type specimens lost (e.g. species described by Haswell, 1886), and 
lack of accuracy in the type localities, taxonomy can be challenging. That is why the first 
chapter of this thesis (chapter 1.1) directly tackles the redescription of type genus (Syllis) 
and type species (Syllis monilaris) of the family Syllidae, given that the original type 
material was lost (Licher, 1999). Thanks to the careful revision of the historical specimens 
of Syllis monilaris from El Tor (Egipt, Gulf of Suez), we were able to assign a neotype 
of the type species of the type genus of Syllidae, which was essential to stabilize the 
nomenclature in the whole family.  
The genus Syllis is the largest and most diverse within the syllids, with more than 
120 species distributed worldwide (Licher, 1999; San Martín, 2003). However, the 
taxonomy of the genus is still chaotic given the large number of described species, the 
lack of detailed descriptions, and the lack of resolution in its phylogenetic relationships 
(San Martín, 1992; Aguado et al., 2012). Syllis was thought to contain four subgenera 
(Haplosyllis, Syllis, Langerhansia and Typosyllis) which are now either abandoned or 
erected as different genera (e.g. Fauchald, 1977). Such subdivision clearly suggest a high 
heterogeneity within Syllis. In fact, there are several morphological features that can 
divide the group into different subgroups: the shape of the posterior acicula, the shape of 
the simple dorsal chaeta, and the type of the stolon. Licher (1999) already segregated 
Typosyllis and Syllis into two different genera, based on the degree of fusion of the shaft 
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and blades of the chaetae, although such differentiation is not followed by other authors 
(San Martín, 2003). However, with the advent of molecular phylogenies, the confusion 
has only increased. In the most complete phylogenies of the genus Syllis is not 
monophyletic, including other genera such as Branchiosyllis, Haplosyllis, Megasyllis, 
Opisthosyllis, Paraopisthosyllis, and Alcyonosyllis, Typosyllis (Aguado et al., 2007, 
2012, 2016; Aguado and Glasby, 2015). As discussed by San Martín (1992), part of the 
confusion lies in the relatively large gap of knowledge of the syllid biodiversity from 
some areas of world, including the Pacific, Indo-Pacific, and Southern Oceans. In this 
sense, the results presented in the chapters 1.2, 1.3 and 3.1 greatly contributed to the 
knowledge of the biodiversity of the genus Syllis, by increasing the number of species it 
contained in the Pacific and Indo-Pacific Oceans. We have described 4 new species from 
Australia, S. boggemanni sp. nov., S. joaoi sp. nov., S. karlae sp. nov., S. marceloi sp. 
nov., (see chapter 1.3) and 3 from Chile, S. albae sp. nov., S. tamarae sp. nov., and S. 
tripantu sp. nov. (see chapter 2.1). Besides that, another 18 poorly-known species from 
Australia have been re-described in detail, Syllis albanyensis n. comb., S. broomensis n. 
comb., S. crassicirrata n. comb., S. cruzi, S. edensis n. comb., S. erikae n. comb., Syllis 
gracilis, S. krohni, S. lunaris n. comb., S. lutea, S. macrodentata, n. comb., S. 
nigropunctata, Syllis picta n. comb., S. pectinans, S. rosea, S. setoensis n. comb., S. 
warrnamboolensis n. comb. and S. yallingupensis n. comb. (see chapter 1.2 and 1.3).  
Moreover, the examination of the neotype, together with the morphological and 
molecular analyses in numerous Syllis species from different geographic areas, enabled 
us to begin to disentangle the taxonomic mess contained within the type genus. Our 
results are conclusive in the paraphyly of Syllis (see chapter 1.2), and also indicate that 
there are at least 4 well-supported clades within the jumble of species that nowadays are 
included in Syllis, that could be ascribed to different genera with future phylogenetic 
studies. Specifically, S. monilaris is quite similar to the species included in the clade II of 
our molecular phylogeny, since it presents short dorsal cirri on midbody and posterior 
segments, and the chaetae with reduced blades and enlarged, thick shafts (chapter 1.2) . 
Therefore, we suggest that the clade II should be considered as Syllis s. s. (also in 
accordance with Licher, 1999), but we can not take any taxonomical actions until 
specimens of S. monilaris are available for sequencing. Furthermore, we also clarify the 
the status of Typosyllis that does not have any systematic validity, since the group is not 
monophyletic and the species that would compose it (Licher, 1999) appeared scattered all 
over the phylogenetic tree (see chapter 1.2). The most challenging aspect of the taxonomy 
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of the genus Syllis is the lack of morphological synapomorphies that delimit the type 
genus. In the future, if we are able to find such synapomorphies, we will be able to re-
organized and adequately name the rest of related taxa. As we already mentioned in the 
introduction, the situation can be extended to other genera within Syllinae, since most of 
them appeared as paraphyletic clades in previous phylogenetic studies (Aguado et al., 
2009, 2012; Aguado & Glasby, 2015). 
 
Taxonomy and systematics in Trypanosyllis 
The sister clade of Syllis in all molecular phylogenies published so far is the so-
called ‘ribbon clade’ (Aguado et al. 2015a), which is thought to be comprised of six 
Syllinae genera (Aguado et al. 2015a): Parahaplosyllis Hartmann-Schröder, 1990, 
Eurysyllis Ehlers, 1864, Xenosyllis Marion & Bobretzky, 1875, Trypanosyllis Claparède, 
1864, Ramisyllis Glasby, Schroeder & Aguado, 2012, and Trypanobia (Imajima & 
Hartman, 1964). However, the results shown in chapters 2.1 and 2.2 have provided deeper 
insight into the phylogenetic relationships within members of this clade, with at least nine 
genera that can now be ascribed to what Aguado et al. (2015a) defined as the ‘ribbon 
clade’: Parahaplosyllis, Plakosyllis Hartmann-Schröder, 1956, Eurysyllis, Xenosyllis, 
Pseudosyllis Grube, 1863, Ramisyllis, Trypanobia, Trypanedenta Imajima & Hartman, 
1964, and Trypanosyllis (Álvarez-Campos et al., in press). The only obvious 
synapomorphy found to define the ‘ribbon clade’ was the presence of a flattened body, 
although this feature seems to have been secondarily lost in Ramisyllis, which in turn 
presents a cylindrical body (Aguado et al. 2015a). In addition, Aguado and collaborators 
(2015a) also propose that the ancestral reproductive mode of the whole ‘ribbon clade’ is 
gemmiparity, with reversal to scissiparity in several different taxa. However, in chapter 
1.4, our ancestral reconstruction of the reproductive mode for the entire subfamily 
Syllinae clearly showed that scissiparity is the ancestral condition for the entire subfamily 
and the ‘ribbon clade’, gemmiparity appearing only in the subclade formed by Ramisyllis, 
Trypanedenta, Trypanobia and Trypanoglobius gen. nov. 
The results obtained with the different studies developed in chapters 2.1 and 2.2 
have also contributed to the knowledge of the biodiversity of the whole subfamily 
Syllinae, mainly in the Pacific and Indo-Pacific Oceans, but also in the Mediterranean 
and Cantabrian Seas. We have described 1 new genus (Trypanoglobius gen nov.) and 3 
new species from Philippines (Trypanoglobius martini sp. nov., Trypanosyllis cristoboi 
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sp. nov. and T. leivai sp. nov.,), 2 new species from Timor Island (Trypanosyllis devae 
sp. nov and T. migueli sp. nov.), 1 from Chile (T. kalkin sp. nov.), 2 from USA, California 
(T. californiensis sp. nov. and T. luquei sp. nov.), and 2 from Spain (T. estebani sp. nov. 
and T. sanchezi sp. nov). In addition, Trypanosyllis luzonensis comb. nov., previously 
placed in another subfamily (Eusyllinae), has been properly reviewed and re-described 
(chapter 2.1). Furthermore, the genus Pseudosyllis has been resurrected and the 
previously considered subgenus Trypanedenta has been elevated to the status of genus 
(see chapter 2.1). Summarizing, with all the results obtained and taking into account the 
recent modifications proposed by Aguado et al. (2015), Paresque et al. (2016) and Fukuda 
et al. (2016), up to now Syllinae contains 23 genera and the family Syllidae 79 genera. 
The exact number of valid species has not been reviewed yet, but it is over 300 in the 
subfamily and 800 hundred in the whole family. However, as we have seen in the 
phylogenetic analyses within Syllis (chapter 1.2) and within the genera included in the 
‘ribbon clade’ (chapters 2.1 and 2.2), the situation may change in the near future. In the 
case of the ‘ribbon clade’, it is still necessary to stablish the real status of both 
Trypanedenta and Trypanobia genera, including more species and more molecular data, 
to clarify if they are finally independent genera.  
	
Ecology and symbiotic relationships in Syllinae 
In addition to the taxonomical and systematic understanding of Syllinae, we also 
delved into the knowledge of the specificity of substrates that syllines inhabit, and also in 
the relationships they stablish with other organisms. Syllids are abundant components of 
the fauna associated to algae and seagrasses all over the world (e.g. Çinar, 2003; Serrano 
et al., 2006; Quintas et al., 2013; Ba-Akhda et al., 2016). Syllids require spatial structures 
at microhabitat level not at macrohabitat level (Abbiati et al, 1987; Giangrande, 1988), 
this producing a high faunal homogeneity between habitats according to several works 
(e.g.  Cognetti, 1957; Giangrande, 1988; López  &  Viéitez,  1999;  Tena  et  al.,  2000). 
However, in environments with stable and uniform conditions, such as those occurring in 
the rizhomes of Laminaria macroalgae), the communities are stable, buffered and 
complex (Serrano et al., 2006). Although, we did not observe any substrate preferences 
for the species examined in a specific region of the Pacific Ocean (in the coast of Central 
Chile, see chapter 3.1), we concluded that the detailed study of a particular habitat (in this 
case the holdfast of L. spictata kelps) seems to be representative of the overall Syllidae 
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fauna of the area. These findings, that agree with previous studies in other polychaetes 
(e.g. Pabis & Sicinski, 2010; Martins et al., 2013), highlight the importance of the study 
of these singular substrates as indicators of the specific richness of certain areas.  
Polychaetes have been described as epibionts not only of algae and seagrasses, 
but also of a variety of sessile organisms, such as sponges (e.g., Pawlik, 1983; Lattig & 
Martin, 2009, 2011a, b; Álvarez-Campos et al., 2012), corals (e.g., Glasby & Watson, 
2001; Martin et al., 2002 Glasby et al., 2012; Álvarez-Campos et al., 2013), bryozoans 
(e.g. Morgado & Amaral, 1985), and cirripeds (Hernández, Muñoz & Rozbaczylo, 2001). 
Even though the majority of studies dealing with polychaetes associations, including the 
aforementioned, describe relationships in which the polychaete is the symbiont, they also 
play an important role as hosts of other organisms, such as other polychaetes, copepods, 
loxosomatids, nematods, and also protozoans (e.g. Nielsen, 1964; Martin & Britayev, 
1998; Rangel et al., 2009; Wakeman & Leander, 2013). As a result of the examination of 
the material collected in Chile, Peru, Hawaii, Australia and New Zealand, we discovered 
protozoan epibionts on several syllid species, mainly in Syllinae, for the first time (see 
chapter 3.2). We described 3 new protozoan species of Cothurnia and Rhabdostyla that 
neither seemed to have specificity for its host, but were limited to certain geographic 
areas, since each protozoan species was associated only to syllids of each specific region. 
Again these findings are not only relevant to the increase of knowledge in syllid 
associations, but also they remark the importance of a detailed and careful revision of 
syllid morphology, mainly in preserved specimens, since in at least two of the species 
examined the presence of protozoans was previously misinterpreted as papillae. Several 
genera and species within the family are mainly characterized by the presence of papillae 
on surface (see introduction), and therefore in this case, it could lead to an overestimation 
of Syllidae diversity.  
Finally, a striking result also related symbiotic associations of syllines was also 
found in a new species of the genus Trypanosyllis (see chapter 2.2), Trypanosyllis 
sanchezi sp. nov., collected inside the channels of a demosponge from El Cachucho MPA 
(Cantabrian Sea, Spain). This constitutes the second Syllinae species reported to be in a 
close association to another metazoan (see Ramisyllis in Glasby et al. 2012). However, 
since only one specimen was collected, we can not assess yet the specificity of the 
association. Also it is importat to remark that in contrast to the observations made in other 
symbiotic species, T. sanchezi sp. nov. did not present any kind of simple or pseudosimple 
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chaetae (see chapter 2.2) which was proposed as an adaptation to a symbiotic life (Martin 
& Britayev, 1999). In addition, given the huge size of T. sanchezi sp. nov. (nowadays the 
largest syllid reported) it seems that this syllid might spend its whole life living within 
the sponge, which potentially may imply a different body plan or reproductive strategy 
for dispersal purposes, as in the case of Ramisyllis multicaudata (Glasby et al. 2012). 
Unfortunately, only a piece of sponge was collected, and thus, T. sanchezi sp. nov. was 
incomplete in the final segments, which prevents conclusions related to those issues. 
 
Molecular phylogeny and species delimitation in Syllis and Trypanosyllis 
As we mentioned in the introduction, the species category is the basic unit in 
biology and therefore, to develop a robust methodology to delimit species has been 
considered one of the main objectives during the last years (Fujita et al., 2012). The 
importance to properly delimit the species boundaries, it is essential both to measure the 
biodiversity of a given group, in terms of conservation and management, but also to 
understand the evolution of its traits (e.g. Mace, 2004; Agapow et al., 2004; Bickford et 
al. 2007; Fujita et al., 2012). Traditionally, in taxonomical studies, morphological 
features have been the unique approach to differentiate between species, but with the 
emergencing of molecular (and genomic) datasets, the way which species are described 
and named has been strongly changed. These new approaches, have allowed to detect that 
cryptic speciation is a common phenomenon in the marine realm, with cases reported in 
sponges (e.g. Klautau et al., 1999; Xavier et al., 2010), mollusks (e.g. Calvo et al., 2009; 
Wilson et al., 2009; Kawauchi & Giribet, 2011), tunicates (e.g. Pérez-Portela et al., 2013), 
echinoderms (e.g. Hemery et al., 2012), crustaceans (e.g. Held, 2003), and of course, 
annelids (Barroso et al., 2010; Carr et al., 2011; Nygren & Pleijel 2011; Glasby et al., 
2013; Borda et al., 2013; Stiller et al., 2013; Nygren, 2014). However, even though syllids 
are among the most diverse and abundant annelid clades, studies documenting cryptic 
speciation are scarce (Westheide & Haß-Cordes, 2001). Interestingly, there are two 
prominent cases within Syllidae that provide ideal grounds to study species boundaries: 
Trypanosyllis krohnii and Syllis gracilis (see chapters 1.4 and 2.1), given their 
documented presence in all oceans and the suggestions of several authors of possible 
cryptic speciation among them (e.g. Núñez et al., 1992; Maltagliati et al., 2000; San 
Martín, 2003; Nogueira & Fukuda, 2008; San Martín et al., 2008). Our results showed 
that our putative unique species were hiding cases of pseudo-cryptic speciation in both 
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cases. Once again, we corroborated that large geographic distributions in benthic marine 
invertebrates are not so common (e. g. Kawauchi & Giribet, 2010, 2014), and in turn, 
cryptic speciation is the general rule (e.g. Klautau et al., 1999; Held, 2003; Xavier et al., 
2010; Kawauchi & Giribet, 2011; Hemery et al., 2012; Pérez-Portela et al., 2013). 
However, the results obtained on each of our pseudo-cryptic complexes were slightly 
different. Among the stripped-colored species complex within Trypanosyllis krohnii we 
found and described 7 new species (see chapters 2.1 and 2.2). However, in the case of the 
S. gracilis pseudo-cryptic species complex, we could not describe any of the 8 identified 
lineages as new species due to the incongruences found in some of the analyses and the 
lack of morphological and/or ecological features to distinguish them (chapter 1.4). 
Nevertheless, both studies pointed out that several of the morphological features 
traditionally used to identify the species of syllines are homoplastic or ill-interpreted. 
Therefore, as it was already suggested for other polychaete families (e.g. Nygren 2014), 
we also highlight the usefulness of combining different approaches to infer the species 
boundaries within Syllidae, in order to avoid the underestimation of its real biodiversity. 
Furthermore, with our analyses we also observed that the problems of cryptic and pseudo-
cryptic speciation seem to be pervasive in the whole family. For instance, one of the 
stripped-colored species within Trypanosyllis, T. luzonensis also presents a fairly large 
distribution in Australia and Philippines but the occurrence of robustly supported 
monophyletic clades within the species in the phylogenetic analyses suggested that it may 
be another case of pseudo-cryptic speciation (see chapter 2.1). Likewise, within the group 
of Syllis with ypsiloid chaetae, we also found very large distributions for some of the 
species and lineages studied, such as S. picta (distributed also in Australia and 
Philippines), S. ypsiloides (with a huge distribution in the Pacific and Indo-Pacific 
Oceans), or the lineage 7 (collected both in the Mediterranean and Cantabrian Seas). 
Finally, we also found a large geographic distribution in the type species, Syllis monilaris, 
that has been collected both in the Gulf of Suez and in Western Australia, without any 
apparent morphological differences between both specimens (see chapter 1.1 and 1.3). 
All these cases deserve further studies to unveil (if present) their cryptic or pseudo-cryptic 
speciation.  
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 Transcriptomics to understand the reproduction of Syllis magdalena 
There are several steps required to complete the stolonization process by Syllinae. 
The first one is to trigger the formation of  stolon by releasing a hormone produced in the 
prostomium (anterior part of the animal) which in theory controls a second inhibitory 
hormone produced in the proventricle (specialized zone of the digestive tract), allowing 
the initiation of stolonization (Franke, 1999). In non-reproductive conditions, the 
proventricle is not controlled by the prostomiun and the proventricular hormone then 
inhibits stolonization (e. g. Franke, 1999). Then (or before that), the sexual identity of the 
stolon (female or male) should be determined. After that, the formation of the stolon itself 
(eyes, antennae, segments with parapodia, etc.), followed by the transfer of gametes to 
the stolon formed in the posterior segments of the stock. And finally, when the stolon is 
mature, it releases from the stock, and swims to the surface where it spawns (Potts, 1911; 
Mesnil & Caullery, 1919). The pelagic stolons release the gametes into the water column, 
via the nephridiopores in the case of sperm, and through rupture of the body wall for the 
eggs (Wissocq, 1966, 1970; Schroeder & Hermans, 1975; Okada, 1937; Durchon, 1951, 
1952, 1959). Our results with the transcriptomic approach to syllid reproduction have 
shed light into the molecular toolkit involved in several of the steps required for sexual 
reproduction via the stolonization process of Syllinae, in particular in Syllis magdalena. 
 
Triggering the stolonization: the role of the prostomium and the proventricle 
We corroborated the role proposed for the prostomiun and the proventricle in the 
stolonization process (e.g. Franke, 1999; see chapter 4), finding several candidate genes 
which appeared highly expressed in A and P of preREPRO individuals. For instance, the 
neuropeptide FF receptor (NPFF) NPFF, expressed in A of preREPRO, has been 
described as a mediator in the action of the gonadotropin-releasing hormone receptor 
(GnRH) (e.g. Elphick & Mirabeau, 2014), which appeared high expressed in P of 
preREPRO, this last one known to be involved in reproduction of other invertebrates (e.g. 
Lindemans et al., 2009). Therefore, the secretion of the neuropeptide NPFF from the 
anterior part of the animals may be affecting the release of the GnRH hormone in the 
proventricle, which would then trigger the stolonization. However, our results do not 
confirm exactly the scenario proposed by Franke (1999) and other authors who suggested 
an inhibitory hormone secreted in the proventricle that prevents the stolonization on 
Discussion 
	
	 485	
syllids (inhibition hypothesis). In spite of the unquestionable role of both A and P parts 
in S. magdalena stolonization, we cannot confirm the inhibition hypothesis, since we 
found no hormones more expressed in the proventricle of postREPRO individuals than 
in any other part of the individual (see chapter 4). 
In addition, we found overexpression of a pheromone in the A of males in 
reproduction. Pheromones have been suggested to have an essential role in the 
stolonization process: in 1999, Franke hypothesized that female stolon differentiation 
may rely upon hormones released by the male stolon to proceed, whereas male stolon 
differentiation occurs autonomously. Interestingly, we have found that the pheromone 
Temptin is highly expressed in A and stolons of males REPRO individuals, which 
potentially may confirm this hypothesis.  
 
Sex determination and gamete formation in the stolon 
We suggest that ovochymase (OVCH) may be playing an important role in S. 
magdalena sex determination. It has been largely hypothetized that several syllids are 
able to sex reversal (Durchon, 1951; Hauenschild, 1953, 1959), which may indicate the 
potential to express the genetic machinery necessary to develop both types of gametes 
depending on given conditions. Investigating three Syllinae species (Syllis amica, S. 
vittata and Trypanosyllis zebra), Durchon (1951) found that if the proventricle was 
removed from the females during the stolonization only 3/4 of the females changed to 
males, while if the proventricle was removed from the males, most of them remained as 
males in the following stolonization. In this sense, the fact that only one gene with 
reproductive function (ovochymase, OVCH) was found overexpressed in the proventricle 
of females, whereas nothing reproductive-related was found to be overexpressed in the 
proventricle of males, led us to think that it is the expression (female) or absence of 
expression (male) of OVCH which sets the sexual identity of the stolon. 
In addition, several genes involved in the sex determination of gametes seemed to 
be highly expressed also in the A and P of S. magdalena specimens. For instance, we 
found high levels of expression in A of both female and male REPRO specimens of 
Hsp90, which is a gene directly related to both female and male gametogenesis of rodents 
(e.g. Ecroyd et al., 2003; Inoue et al. 2006). In males, Hsp90 is involved in 
phosphorilation of the sperm cells during capacitation, which is the process through 
which spermatozoa gain the ability to fertilize the oocyte (Ecroyd et al., 2003). In females, 
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Hsp90 is involved in germinal vesicle breakdown (GVBD) which signs meiosis 
resumption upon physiological hormonal stimulation (Abane and Mezger, 2010). In 
addition, Hsp90 directly regulates the expression of another gene, the neurogenic locus 
notch (NOTCH) (Chiosis et al. 2013), which is required for completing spermatogenesis 
in C. elegans and vertebrates (Hayashi et al., 2001). We found overexpression of Hsp90 
in A of both female and male REPRO specimens, which imply the direct control of 
oogenesis and spermatogenesis by the anterior region of the animal, but notch was only 
overexpressed in F and stolons of male REPRO specimens, indicating that the final 
segments of the males are also actively involved in regulation of the gametogenesis. In 
the final segments of the females, notch was not found overexpressed, but in turn an A-
type cyclin. A-type cyclins are active during the stages in which the cells are undergoing 
the “business” of meiosis, so as to prevent premature entry into a meiotic division while 
in the process of pairing, recombination, repair, etc. (Wolgemuth, 2011). While cyclin B 
has been reported during oocyte maturation in Arenicola spp. (Chausson et al., 2004), it 
is the first time that cyclin A is reported to have a prominent role during the annelid 
gametogenesis. 
 
Transfer of gametes to the stolon and release of stolons 
Once the stolon is relatively formed, the gametes are transferred to it, and they 
completely fill it up. The molecular signals to regulate the onset of such transport are 
completely unknown, but we found genes (the neuropeptides capa receptor, CAPAR) 
known to be involved in muscle contraction of oligochaetes (Herbert et al., 2009) highly 
expressed also in A of REPRO specimens. These peptides might be behind the contraction 
moves necessary to transfer the gametes from the stock to the stolon.  
It is also interesting to remark that relaxin has been found highly expressed in 
female REPRO specimens, mainly in F and in the stolons. This peptide was isolated from 
the nervous system of several starfishes, where acted as maturation-inducing hormone 
causing the oocyte release from the ovaries (Mita, 2013; Mita et al. 2014). But in addition, 
it has been discovered recently that relaxin is expressed in cells closely associated with 
sensory organs in the arm tips of Asterias rubens, impliying the role of these cells as 
physiological mediators for hormonal control of the animal spawning in response to 
environmental cues (Lin et al. 2016).  Therefore, and given our findings in S. magdalena, 
we can suggest the involvement of relaxin both in the correct maturation of the oocytes, 
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and also in their release from the female stolons probably due to the induction of 
environmental factors.  
 
Environmental regulation of the stolonization: the role of circadian genes 
 The release of the stolons has been hypothesized to be regulated by environmental 
factors, such as the temperature and the photoperiod (e. g. Abeloos, 1950; Durchon, 1952, 
1959; Durchon & Wissocq, 1964; Wissocq, 1966; Franke, 1983a, b, 1985, 1999; Heacox, 
1980; Heacox & Schroeder, 1982; Franke & Pfannenstiel, 1984; Verger-Bocquet, 1984). 
We hypothesize that the release of the stolon is regulated by the expression of circalunar 
genes, since we found stolons only during the full moon phase in summer. We found high 
expression of all the typical circadian genes, cryptochrome (CRY), period (PER), 
timeless, clock, casein Kinase 1 (CK-1), vrille, TEF, mainly in the A of preREPRO and 
REPRO specimens, which potentially imply that the stolonization process is influenced 
by a circadian/circalunar clock, although experimental confirmation was not possible. 
 
Co-optation of the asexual reproduction pathways in Syllidae: the “sexualization” of the 
stolon 
The stolonization process of Syllidae is highly similar to the asexual reproduction 
or regeneration of complete individuals of other annelids, like serpulids and sabellids (e.g. 
Berrill, 1931; Vannini & Ranzoli, 1956). In the asexual reproduction of polychaetes, there 
should always be a growth center responsible for the proliferation of the new individuals. 
In serpulids and sabellids, the development of the new individuals always take place from 
cells of the abdominal segments (e.g. Vannini & Ranzoli, 1956; Berrill, 1931): the stock 
splits into two fragments but before that, the anterior and the posterior portions of the 
individuals are formed in the abdominal segments. The new individual is completely 
formed in seven days and remains connected to the stock (Schröeder & Hermans, 1975). 
In syllines Durchon (1975) the formation of the stolon (or new individual) occurrs in a 
certain number of posterior segments, relatively constant for each species.  Given the 
similarity found between the asexual reproduction in other families and the sexual 
schizogamic reproduction in syllids, we suggest that Syllidae stolonization is an asexual 
process co-opted to be sexual, when the transfer of gametes into the stolons takes place. 
Such transfer might stop the complete regeneration of the individual and prevent the 
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differentiation of stock organs such as the proventricle. Therefore, we remark the essential 
function that the final segments of the stock are carrying out, not only in the production 
of “new individuals” (stolons) and stock segments (before or after the stolon release), but 
also in the beginning of gametes formation and their transference to the stolon.  
Overall, our study only aimed to give a preliminary snapshot of the molecular 
toolkit involved in Syllinae reproduction, so further studies are still necessary in order to 
completely understand the stolonization process and to test all the hypothesis that have 
been proposed during the present PhD dissertation.  
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Conclusiones 
Los resultados obtenidos en los diferentes trabajos realizados para esta tesis, 
contribuyen al conocimiento de la subfamilia Syllinae, aportando nuevos datos para un 
mejor netendimiento de la diversidad, asociaciones ecológicas, patrones d eespeciación, 
realciones filogenéticas y comportamiento reproductors del grupo: 
1. La falta del material correspondiente a la especie tipo del género tipo de la 
familia, se ha solventado designando un neotipo de Syllis monilaris del Golfo 
de Suez y por tanto dando estabilidad nomenclatural al grupo. 
2. Se ha incrememtado el conocimiento de la diversidad y sistemática del género 
tipo, Syllis, en áreas del océano Pacífico e Indo-Pacífico. Hemos descrito 4 
especies nuevas y redescrito 18 especies poco conocidas de Australia y 
además se ha investigado su posición filogenética concluyendo que Syllis es 
actualmente un grupo parafilético, que contiene al menos 4 clados bien 
soportados. 
3. Confirmamos que la supuesta especie cosmopolita Syllis gracilis contiene al 
menos 8 linages geneticamente diferentes. Sin embargo, los resultados no eran 
concluyentes y, por tanto, no pudimos describir formalmente ninguno de los 
linajes como especies nuevas. 
4. Se ha incrementado también el conocimiento de la biodiversitdad y 
sistemática de los sílidos en otra área poco estudiada del océano Pacífico 
(costa central de Chile). Hemos caracterizado los Syllinae que viven asociados 
a la macro alga L. spictata, describiendo 3 especies nuevas y evaluando su 
posición filogenética. Concluimos que el estudio de la fauna de Syllinae 
asociada a estos hábitats es una buena aproximación a la riqueza específica 
total del grupo en el área de estudio, ya que no parece haber especificidan en 
la asociacion.  
5. Hemos caracterizado por primera vez la relación simbiótica entre sílidos y 
protozoos epibiontes, mostrando que tampoco parece una relación específica, 
sino más bien relacionada con el área geográfica. 
6. Confirmamos también que la supuesta especie cosmopolita Trypanosyllis 
krohnii is un complejo de al menos 7 especies seudocrípticas, las cuales han 
sido adecuadamente descritas y nombradas como nuevas especies. Además, el 
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análisis filogenético en el género confirma que es parafilético y, por tanto, se 
describen dos géneros válidos dentro de él, Pseudosyllis (género recuperado) 
y Trypanedenta (nuevo estatus de género). 
7. Los análisis morfológicos y moleculares de los géneros incluidos en el 
denominado “clado acintado” nos han permitido describir 2 especies nuevas 
más de Trypanosyllis y un nuevo género (Trypanoglobius). Además, 
mostramos que las relaciones filogenéticas dentro de este grupo de sílidos 
aplanados, no están aún completamente resueltas. Además, se evalúan la 
evolución de los tipos de reproducción descritos en Syllinae (escisiparidad y 
gemmiparidad) mediante el análisis reconstrucción de reconstrucción de 
caracteres ancestrales, concluyendo que la escisiparidad es el modo de 
reproducción ancestral en la subfamilia, y que la gemmiparidad apareció 
después independientemente en dos clados distintos, uno que contiene 
Parahaplosyllis y otro que contiene a Ramisyllis, Trypanoglobius, Trypanobia 
y Trypanedenta. 
8. El estudio transcriptómico de la reproducción de Syllis magdalena provee el 
primer paso para entender cómo se expresan las feromonas, péptidos de 
secrección, genes de la línea germinal, genes implicados en la gametogénesis 
y genes relacionados con los ritmos circadianos y circalunares, durante el 
proceso de estolonización en Syllinae. Hemos confirmado el importante papel 
del prostomio y el proventriculo en la regfulación de la reproducción de S. 
magdalena, identificando varios genes candidatos que se expresan en el 
proventrículo de las hembras (OVCH1), en el prostomio de machos (Temptin) 
y en el prostomio y proventrículo de  machos y hembras (TEF). 
9. Además, confirmamos la función esencial que realiza la parte posterior del 
stock en el comienzo de la gametogénesis (expression de cyclin A en hembras 
y NOTCH en machos), pero recalcamos también el papel fundamental  del 
propio estolón completando  la maduración de estos gametos (expresión de 
cyclin A, relaxin, vitellogenin y NOTCH). NOTCH).  
10. Por último, proponemos que la relaxina es el neuropéptido que está 
directamente implicado en la liberación de óvulos por el estolón, 
probablemente inducido por señales ambientales. 
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Conclusions  
Our results have largely contributed to the knowledge of the subfamily Syllinae, 
providing a more comprehensive scenario to understand the diversity, ecological 
associations, speciation patterns, phylogenetic relationships and reproductive behavior of 
the group: 
1. The lack of type species of the type genus of the family was solved by 
dessignating a neotype of Syllis monilaris from the Gulf of suez, and therefore 
stabilizing the nomenclature for the group. 
2. The knowledge of the diversity and systematics of the type genus, Syllis, has 
been increased in the Pacific and Indo-Pacific Oceans with our results. We 
have described 4 new species and re-described 18 poorly-known species from 
Australia, and in addition, their phylogenetic position has been investigated, 
concluding that Syllis, as currently constructed, is a paraphyletic group 
comprised by at least 4 well-supported clades.  
3. Within the putative cosmopolitan species Syllis gracilis we confirmed the 
existence of at least 8 genetically different lineages. However, the results were 
not conclusive and therefore, we did not formally describe any of the lineages 
as new species.  
4. The knowledge of the diversity and systematics of syllids in another, less 
studied area of the Pacific Ocean (coast of Central Chile) has been increased 
as well with our study. We have characterized the syllines inhabiting the 
holdfast of Lessonia spictata kelps and we have described 3 new Syllis species, 
assessing also its phylogenetic position within the genus. Our conclusion is 
that the Syllidae fauna associated to L. spictata holdfast is a good proxy of the 
specific richness for the area, since the syllid fauna associated to the holdfast 
seem to be unspecific.  
5. We have characterized the symbiotic association between syllids and epibiotic 
protozoans for the first time, showing that it is not a specific association but 
instead it is related to the geographic area they inhabit.  
6. We also confirmed that the putative cosmopolitan species Trypanosyllis 
krohnii is a complex of at least 7 pseudo-cryptic species, which have been 
properly described and named as new species. With our phylogenetic analyses 
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of the genus, we confirmed that Trypanosyllis is paraphyletic, and we describe 
two new valid genera that clustered within it, Pseudosyllis (resurrected genus) 
and Trypanedenta (new generic status). 
7. Our morphological and phylogenetic analyses of the genera included in the 
so-called ‘ribbon clade’ allowed us to describe two more new Trypanosyllis 
species and a new genus (Trypanoglobius). In addition, we showed that the 
phylogenetic relationships within this group of flattened syllids are not still 
fully resolved. Also, we investigated the evolution of the reproduction types 
within Syllinae (scissiparity and gemmiparity) using ancestral character 
reconstruction analysis, concluding that the scissiparity was the ancestral 
mode for the subfamily, and gemmiparity appeared later and independently in 
two different clades, one containing Parahaplosyllis and another containing 
Ramisyllis, Trypanoglobius, Trypanobia, and Trypanedenta. 
8. Our transcriptomic study of the reproduction of Syllis magdalena provided a 
first step in the understanding of how pheromones, secretion peptides, germ 
line determination genes, gametogenesis genes, and circadian clock genes are 
expressed during the stolonization process of scissiparous Syllinae. We have 
confirmed the role of both the prostomiun and proventricle in the regulation 
of the reproduction of S. magdalena, identifying candidate genes in the 
proventricle of the females (OVCH1), the prostomium of the males (Temptin), 
and the prostomium and proventricle of both males and females (TEF).  
9. We also have confirmed the essential function of the posterior part of the stock 
starting the gamete formation (expression of cyclin A in females and NOTCH 
in males), but also, we stressed the fundamental role of the stolon in 
completing gamete maturation (expression of cyclin A, relaxin, vitellogenin 
and NOTCH).  
10. Finally, we also proposed that relaxin is the neuropeptide directly involved in 
oocyte releasing from the stolon, probably induced by environmental signals.    
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The presence of peritrich ciliate epibionts Rhabdostyla sp. and Cothurnia sp. on Syllidae polychaetes is reported
here for the first time, including the description of three new species of epibiont ciliates. The protozoans were
mainly found at intersegmental furrows, close to parapodial bases of newly collected specimens of Syllis magdalena
Wesenberg-Lund, 1962, Syllis sp., Salvatoria sp., and Salvatoria concinna (Westheide, 1974) comb. nov. from
Chile, Syllis prolifera Krohn, 1852 from Spain, and Prosphaerosyllis magnoculata (Hartmann-Schröder, 1986) from
New Zealand. In addition, epibiont protozoans were found on the dorsal surface, nuchal organs, mouth opening,
and anterior cirri of Syllis elongata Day, 1949 from Peru, and the ventral surface of Typosyllis macropectinans
Hartmann-Schröder, 1982 from Australia. The discovery of protozoan epibionts on syllid polychaetes has impor-
tant taxonomic implications that are discussed here. The presence of papillae that are in fact misinterpreted ciliate
epibionts has been considered a valid character to distinguish among species or to erect new species of Syllidae,
and thus the real origin of papillae-like structures in polychaetes should be carefully assessed.
© 2014 The Linnean Society of London, Zoological Journal of the Linnean Society, 2014, 172, 265–281.
doi: 10.1111/zoj.12168
ADDITIONAL KEYWORDS: new species – peritrich ciliates – Syllidae–protozoan epibiosis – symbiosis –
taxonomy.
INTRODUCTION
Polychaetes are known for their facility to establish
a wide array of interconnections with other organ-
isms, including different symbiotic associations (Martin
& Britayev, 1998). Symbiosis in a wider sense in-
cludes any association between two organisms living
together with a gradient of positive or negative con-
sequences for at least one of them (Henry, 1966; Boucher,
James & Keeler, 1982; Bush et al., 2002) that, in some
cases, leads some or all partners to lose the ability
to live as free-living organisms (Rhode, 1981). Such*Corresponding author. E-mail: patricia.alvarez@uam.es
bs_bs_banner
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associations are named differently depending on the
degree of ‘intimacy’ and the consequences for the part-
ners involved, and include mutualism, commensal-
ism, and parasitism, with the latter two widely reported
in polychaetes (Martin & Britayev, 1998).
Additionally, depending on the location of the sym-
biont relative to the host, the association can be con-
sidered endobiotic, when the symbiont lives inside the
host tissues, or epibiotic, when it lives on the exter-
nal surface of the host. In particular, epibiosis is a spa-
tially close association between two or more organisms:
the epibiont colonizes the surface of live substrates,
and the basibiont gives support to the epibiont
(Wahl, 1989; Fernández-Leborans & Gabilondo, 2006).
Interestingly, polychaetes have also been described
as epibionts of a variety of sessile organisms, such
as sponges (e.g. Pawlik, 1983; Lattig & Martin, 2009,
2011a, b; Lattig, Martin & Aguado, 2010;
Álvarez-Campos, San Martín & Aguado, 2012), corals
(e.g. Glasby & Watson, 2001; Martin et al., 2002; Glasby,
Schroeder & Aguado, 2012; Álvarez-Campos, San Martín
& Aguado, 2013), bryozoans (e.g. Morgado & Amaral,
1985), and cirripeds (Hernández, Muñoz & Rozbaczylo,
2001). Even though the majority of studies dealing with
polychaete associations, including those mentioned above,
describe relationships in which the polychaete is the
symbiont, polychaetes also play an important role as
hosts of other organisms, such as other polychaetes,
copepods, loxosomatids, nematodes, and also protozo-
ans (e.g. Nielsen, 1966; Martin & Britayev, 1998;
Britayev & Martin, 2005; Rangel et al., 2009; Wakeman
& Leander, 2013). In this study, we report for the first
time the role of several species of syllid polychaetes
as hosts of peritrichid ciliate protozoan epibionts.
Ciliate protozoans are commonly reported as inter-
nal parasites of numerous metazoans (Barel & Kramers,
1977; Taboada et al., 2013), including polychaetes
(Wakeman & Leander, 2013, and references therein).
In addition, ciliates living on the external surfaces of
a wide variety of aquatic Metazoa are commonly ob-
served, most of them belonging to the subclass
Peritrichia (e.g. Corliss, 1961, 1979; Kahl, 1930–1935;
Baldock, 1986; Smith, 1986; Weissman, Lonsdale &
Yen, 1993; Gilbert & Schröder, 2003; Regali-Seleghim
& Godinho, 2004; Fernández-Leborans, 2010; Sedlacek
et al., 2013). It is worth noting that, despite their ubiqui-
tous presence as epibionts of aquatic metazoans,
ciliate peritrich epibionts have only been reported in
a handful of polychaete species (Knox & Hicks, 1973;
Magagnini & Verni, 1988; Arias, Anadón & Paxton,
2010).
We expand here the knowledge of polychaete
epibionts, reporting for the first time the occurrence
of epibiont ciliate protozoans of the subclass Peritrichia
from two different genera (Rhabdostyla and Cothurnia)
on 11 different species of polychaetes within the family
Syllidae: newly collected specimens of Syllis magdalena
Wesenberg-Lund, 1962, Syllis sp. 1, Syllis sp. 2,
Salvatoria concinna (Westheide, 1974) comb. nov.,
Salvatoria sp., Syllis prolifera Krohn, 1852, Syllis
elongata Day, 1949, Prosphaerosyllis magnoculata
(Hartmann-Schröder, 1986), and museum specimens
of Typosyllis microoculata Hartmann-Schröder, 1965,
Typosyllis macropectinans Hartmann-Schröder, 1983,
and Parapionosyllis papillosa (Pierantoni, 1903). In-
terestingly, we found two new species of epibionts of
the genus Rhabdostyla, Rhabdostyla mapuche sp. nov.
and Rhabdostyla taboadai sp. nov., and one new species
of the genus Cothurnia, Cothurnia kiwi sp. nov. (Table 1).
Some species of Rhabdostyla have been previously re-
ported as epibionts of other polychaete families, but
it is noteworthy that the association between
Cothurnia sp. and the phylum Annelida has never been
observed before.
MATERIAL AND METHODS
Specimens of Syllis magdalena, Salvatoria
concinna comb. nov., Salvatoria sp., and Syllis spp. were
collected in Central Chile (Las Cruces, Valparaíso
Region, 33°30.06′S, 71°37.55′W) in January 2013, on
intertidal algae, including holdfasts of Lessonia spictata,
and thalli of Corallina sp. and Gelidium sp. Speci-
mens of Typosyllis elongata were collected in Peru
(Albacora, Tumbes, Lima, 12°08.37′S, 77°01.36′W) by
SCUBA on unidentified sponges at a depth of 20 m,
in March 2013. Specimens of Syllis prolifera were col-
lected by snorkelling and SCUBA in the Mediterra-
nean Sea (Punta Santa Anna, Blanes, Spain, 41°40.25′N,
02°48.06′E) among an unidentified brown alga, in Sep-
tember 2013. Samples of Prosphaerosyllis magnoculata
were collected by SCUBA diving at the east (Wellers
Rock, Dunedin, 45°50.52′S, 170°37.31′E, 5 m depth) and
west (Tauranga Bay, Cape Foulwind, 41°46.23′S,
171°27.12′E, intertidal) coasts of New Zealand on un-
identified algae, during February 2012. Typosyllis
macropectinans was loaned from the Australian Museum
(AM), originally collected in East Australia (North of
Batemans Bay, New South Wales, 36°43.59′S,
149°59.16′E), in 2004. The samples of the species
originally described as Typollis microoculata were
loaned by the Hamburg Zoological Museum (HZM),
originally collected in Hawaii (Maui, 20°45.09′N,
156°29.26′W). Type material of Parapionosyllis papillosa
was not available, but original description and draw-
ings from Pierantoni (1903) and Fauvel (1923), as well
as specimens identified and described by Campoy (1982),
were examined at the Museum of the Universidad de
Navarra, Pamplona.
The newly collected samples were sorted using an
Olympus SZ61 stereoscope, and fixed in either 10% for-
malin buffered in seawater, 96% ethanol, or 2.5%
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glutaraldehyde solution. Syllids from Chile were studied
under an Olympus CX21 microscope with an at-
tached Micro-imaging digital camera at Estación Costera
de Investigaciones Marinas de Las Cruces (ECIM). The
rest of the specimens were studied under a Nikon
Optiphot microscope with a differential interference con-
trast system (Nomarsky) at Universidad Autónoma de
Madrid, and a Zeiss Axioplan II compound micro-
scope connected to a ProgRes C10 Plus digital camera
(Jenoptics) at CEAB. For scanning electron micros-
copy (SEM), the specimens were critical-point dried with
an Emitech K850 Critical Point Dryer, gold coated with
a Q150T-S Turbo-Pumper Sputter Coater, and exam-
ined with a Hitachi S-3000N electron microscope at
the Servicio Interdepartamental de Investigación (SIDI)
of the Universidad Autónoma de Madrid (UAM) and
a HITACHI HIGH-TECH TM3000 Tabletop at CEAB.
For transmission electron microscopy (TEM), speci-
mens fixed in 2.5% glutaraldehyde solution in 0.4 M
phosphate-buffered saline (PBS) with NaCl were
postfixed in osmium tetroxide 1% in PBS, dehydrat-
ed in an ascending acetone series, and further em-
bedded in epoxy resin and viewed in a JEOL 1010
microscope at the Serveis Científico-Técnics at
Universitat de Barcelona (UB). Protozoan epibionts
were identified following Fernández-Leborans &
Castro de Zaldumbide (1986): they were isolated and
treated using the silver carbonate staining technique
and also methyl green and neutral red staining. Light
microscope images and morphometric data of the
epibionts were obtained using Image Analysis (KS300
Zeiss). All newly collected specimens were deposited
at the Museo Nacional de Ciencias Naturales de Madrid
(MNCN).
RESULTS
This is the first formal report of peritrich ciliate
protozoans living as epibionts of syllid polychaetes.
Numerous epibiont populations of Rhabdostyla spp.
and Cothurnia spp. were observed living on newly col-
lected and museum specimens of 11 different species
of the family Syllidae. Interestingly, among the
ciliate epibionts, two new species of Rhabdostyla and
one new species of Cothurnia have been identified
and described here (see taxonomy section below):
Rhabdostyla mapuche sp. nov. was observed on Syllis
magdalena, Syllis sp. 1, Syllis sp. 2, Salvatoria
concinna comb. nov., and Salvatoria sp. from Chile.
Rhabdostyla taboadai sp. nov. was discovered on
Syllis prolifera from the Spanish Mediterranean
coast, and Cothurnia kiwi sp. nov. was identified
on Prosphaerosyllis magnoculata specimens from
New Zealand (Figs 1–5). Additionally, unidentified
Rhabdostyla spp. epibionts were observed on Syllis
elongata from Peru and Typosyllis macropectinans from
Italy (Fig. 6). Two museum specimens originally de-
scribed as Typosyllis microoculata and Parapionosyllis
papillosa also presented ciliate epibionts of the genus
Rhabdostyla that were mistaken as papillae (Fig. 7).
This overlooked epibiosis of ciliates on syllids has im-
portant taxonomic implications, as the papillae have
been considered as a valid character to distinguish
among species or to erect new species (see taxonomy
section below).
It is also worth noting that this symbiotic relation-
ship between protozoans and syllids is not restricted
to a single geographical area, as the specimens pre-
senting peritrichid ciliates described here have been
observed in the Pacific Ocean (Chile, New Zealand,
Australia, and Hawaii) and Western Mediterranean Sea
(Spain and Italy) (Table 1).
Figure 1. Cothurnia kiwi sp. nov. on Prosphaerosyllis
magnoculata (MNCN 39.02/8). A, scanning electron micro-
graph of the anterior part of P. magnoculata showing several
individuals of C. kiwi sp. nov. (arrows). B, C, close–up mi-
crographs of the epibiont C. kiwi sp. nov. on the
intersegmental furrows of the annelid. D, light micros-
copy picture of the stained protozoan showing the lorica
(l) and the external stalk (es).
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ASSOCIATION OF SYLLIDS AND CILIATES
The epibiotic relationship between ciliates and
polychaetes occurred in 22 specimens collected from
holdfasts and thalli of several algae (Table 1). In
every syllid specimen, ciliates were present in most
segments at intersegmental furrows, close to parapodial
bases, including the museum specimens originally
described as Typosyllis microoculata and Parapionosyllis
papillosa (Figs 1–7). In addition, Syllis magdalena
and Syllis sp. 2 presented ciliates on the prostomium
and Syllis elongata around the nuchal organs,
mouth opening, and anterior cirri (Figs 3G, 6A–B).
In most cases, only one ciliate was found on the base
of the parapodia in all specimens (Figs 1, 3A–F, 4A,
G, 5A–C, 6A–C); however, two or three ciliates
may share the same parapodium, as observed in
Syllis sp. 2 (Figs 3H, 4C, 5D). Only in Typosyllis
macropectinans was most of the posterior ventral
surface covered by a large number of ciliates
(Fig. 6D–F).
TAXONOMIC ACCOUNT OF
CILIATE PROTOZOANS
PHYLUM CILIOPHORA DOFLEIN, 1901
ORDER SESSILIDA KAHL, 1933
FAMILY VAGINICOLIDAE DE FROMENTEL, 1874
GENUS COTHURNIA EHRENBERG, 1831
Diagnosis
Loricate peritrichs with one or two zooids per lorica.
Lorica attached aborally by stalk. Lorica without valves
or operculum. Inner part of lorica may present inter-
nal lining or septum that can contain a mesostyle. Zooid
may attach to lorica directly or via an endostyle (Warren
& Paynter, 1991; Lynn & Small, 2000).
Figure 2. Line drawings of the new species of ciliate protozoans. A, Cothurnia kiwi sp. nov. (MNCN 39.01/5). B,
Rhabdostyla mapuche sp. nov. (MNCN 39.02/12). C, Rhabdostyla taboadai sp. nov. (MNCN 39.02/25). Abbrevia-
tions: bd, basal disk; es, external stalk; l, lorica; ma, macronucleus; mi, micronucleus; ms, mesostyle; pd, persitomial
disk; s, stalk.
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Figure 3. Light microscopy pictures of Rhabdostyla mapuche sp. nov. on different Syllidae species. A, anterior part
of Salvatoria sp. (MNCN 39.02/21) showing several individuals of R. mapuche sp. nov. (arrows). B, close-up picture of
the epibiont on the intersegmental furrows of the syllid. C, stained protozoan on Syllis sp. 1 (MNCN 39.02/16), showing
the macronucleus (ma) and micronucleus (mi). D, anterior part of Salvatoria concinna comb. nov. (MNCN 39.02/24),
showing several individuals of the epibiont (arrows). E, close-up picture of the epibiont on the intersegmental furrows of
the syllid. F, close-up picture of the epibiont showing the stalk (s) and vacuoles (v). G, anterior part of Syllis sp. 2 (MNCN
39.02/20), showing several individuals of the epibiont (arrows). H, close-up micrograph of the epibiont on the intersegmental
furrows of the syllid. I, close-up micrograph of the epibiont, showing the lorica (l), vacuoles (v), the micronucleus (mi),
macronucleus (ma), and the stalk (s).
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Ecology
Usually found as epibionts in many crustacean groups,
including copepods, decapods, amphipods, isopods, and
ostracods. Two species have also been found on tanaids
(Fernández-Leborans & Sorbe, 2003). This is the first
report of the genus living in epibiotic association with
the phylum Annelida.
COTHURNIA KIWI SP. NOV. ÁLVAREZ-CAMPOS,
FERNÁNDEZ-LEBORANS & SAN MARTÍN, FIGURE 1, 2A
Material examined
New Zealand: Holotype (MNCN 39.01/5), three para-
types (one mounted for SEM) (MNCN 39.02/6–8),
Tauranga Bay, Cape Foulwind, 41°46.23′S, 171°27.12′E,
Figure 4. Rhabdostyla spp. on different Syllidae species. A, scanning electron micrographs of the anterior end in ventral
view of Syllis sp. 2 (MNCN 39.02/20), showing one epibiont in the base of tentacular cirri. B, anterior and mid-body seg-
ments, dorsal view, of Syllis sp. 2, showing several ciliates (arrows). C, close-up micrograph of the epibiont on the intersegmental
furrows of Syllis sp. 2. D, close-up micrograph, lateral view, of two ciliates showing the stalk (arrows). E, close-up mi-
crograph of an epibiont, apical view. F, transmission electron micrograph of Rhabdostyla mapuche sp. nov. on Syllis sp. 1
(MNCN 39.02/16). Note the arrow pointing to the basal part of the epibiont. G, Scanning electron micrograph of Rhabdostyla
taboadai sp. nov. on Syllis prolifera (MNCN 39.02/26), showing the stalk (arrow).
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unidentified coralline alga, intertidal, 9 February 2012;
two paratypes (MNCN 39.02/9–10), Wellers Rock,
Dunedin, 45°50.52′S, 170°37.31′E, unidentified red alga,
5 m depth, 7 February 2012. One paratype (MNCN
39.02/11), Akaroa Bay, 43°48.50′S, 172°57.15′E, un-
identified coralline alga, intertidal, 5 February 2012.
Comparative material
See Table 2 for comparisons.
Description
Elongated pseudocylindrical lorica, 40.8–53.1 μm long
and 16.8–19.2 μm wide; lorica shows transverse furrows
and ridges from opening to rear end, with grooves
more pronounced in middle area; opening of the lorica
(10.5–13.7 μm) shorter than maximum body width,
with edges curved outwards. Ciliate body 26.9–
36.0 μm long and 14.7–16.6 μm wide, connected to ex-
ternal stalk by a mesostyle; mesostyle presents
longitudinal striation. External stalk 11.1–22.5 μm
long and 2.5–2.1 μm wide. Oval macronucleus (7.3–
11.1 μm long and 8.6–10.4 μm wide) located in ante-
rior half of body. Spherical micronucleus located near
the macronucleus.
Remarks
Cothurnia kiwi sp. nov. is characterized by having a
mesostyle but lacking an endostyle, and by having an
oval anterior macronucleus. Cothurnia kiwi sp. nov. is
compared with the most similar species of the genus
in Table 2. Cothurnia curvula Entz, 1884 and Cothurnia
mobiusi Stiller, 1939 lack mesostyle and endostyle, and
have a wider lorica than C. kiwi sp. nov. Cothurnia
cyclopis Kahl, 1933 and Cothurnia cytheridae Kahl, 1933
differ from C. kiwi sp. nov. in having mesostyle and
endostyle; the latter also presents a larger smooth lorica.
Cothurnia membranoloricata Stiller, 1968 has a shorter
external stalk than C. kiwi sp. nov.
Ecology
Attached to the base of parapodia in specimens of
Prosphaerosyllis magnoculata.
Distribution
New Zealand.
Etymology
The name refers to ‘kiwi’, a common term used for New
Zealand people.
Figure 5. Light microscopy pictures of Rhabdostyla taboadai sp. nov. on Syllis prolifera (MNCN 39.02/25). A, ante-
rior part of the syllid, showing an individual of R. taboadai sp. nov. (arrow). B–D, close-up pictures of the epibiont on
the intersegmental furrows of the syllid, showing the stalk (arrow) and the peristomial disk (pd).
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FAMILY EPISTYLIDIDAE KAHL, 1933
GENUS RHABDOSTYLA KENT, 1881
Diagnosis
Solitary peritrich ciliates with short non-contractile
stalks, mostly inverted bell-shaped bodies, and peri-
stome with well-defined lip (Kent, 1880–81; Kahl,
1930–35; Lynn & Small, 2000). Taxonomical charac-
ters for the identification of currently known species
are summarized in Table 2.
Ecology
Mostly epibionts of freshwater invertebrates, particu-
larly crustaceans, insects, and oligochaetes (Kahl, 1935;
Precht, 1935; Nenninger, 1948; Fernandez-Leborans &
Tato-Porto, 2000; Regali-Seleghim & Godinho, 2004).
Some species also reported in marine ecosystems, in
association with different invertebrates, including
polychaetes (Table 2). This is the first report of the genus
in association with Syllidae.
RHABDOSTYLA MAPUCHE SP. NOV. ÁLVAREZ-CAMPOS,
FERNÁNDEZ-LEBORANS & VERDES,
FIGURES 2B, 3, 4A–E
Material examined
Chile, Valparaíso Region, Las Cruces, 33°30.06′S,
71°37.55′W: Holotype (MNCN 39.02/12) and seven
paratypes (one mounted for SEM and one fixed for TEM;
MNCN 39.02/13–19), holdfast of Lessonia spicata, in-
tertidal, 14 February 2012; one paratype (MNCN 39.02/
20), thallus of Gelidium sp., intertidal, 14 February 2012;
four paratypes (MNCN 39.02/21–24), thalli of Corallina sp.
and Gelidium sp., intertidal, 14 February 2012.
Figure 6. Scanning electron micrographs of unidentified Rhabdostyla species on two Syllidae species. A, anterior end of
Syllis elongata (MNCN 39.02/15296) showing several individuals of Rhabdostyla sp. 1 (arrows). B, C, close-up micro-
graphs of the epibiont on intersegmental furrows and tentacular cirri of S. elongata, showing the stalk (arrow). D, pos-
terior ventral part of Typosyllis macropectinans (AM W.41626), showing several individuals of Rhabdostyla sp. 2 (arrows).
E, F, close-up micrographs of the ciliates showing the stalk (arrow).
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Comparative material
See Table 3 for comparisons.
Description
Body shape globular to spherical, 23–31 μm long, 16–
19 μm wide; when contracting, posterior and anterior
folds cover contracted part, appearing oval with a deep
indentation that contains part of contracted posterior
end. Peristomial (oral) disc 20–23 μm in diameter, with
between nine and 14 ciliary bands. Macronucleus
c-shaped, anterior, near cell periphery. Cortex distinct-
ly transverse-striated, with 36–39 silver lines.
Micronucleus round, close to macronucleus. Stalk short,
thick, 3–6 μm long, 4–6 μm wide, with longitudinal
sinuation. Basal disc absent.
Remarks
Rhabdostyla mapuche sp. nov. is unique among the
genus because of its small size. It differs from
Rhabdostyla taboadai sp. nov. in its shorter stalk and
lack of basal disc. Unlike Rhabdostyla taboadai sp. nov.,
Rhabdostyla variabilis Dons, 1918, Rhabdostyla nereicola
Precht, 1935, and Rhabdostyla arenaria Cuénot, 1891,
Rhabdostyla mapuche sp. nov. has a C-shaped
macronucleus, similar to Rhabdostyla commensalis
Moebius, 1888, but longitudinally located. Rhabdostyla
scyphoides Song, 1986 is similar in body shape but
larger and not striated, and also differs from
Rhabdostyla libera Kahl, 1933 in body shape and
striation.
Ecology
Attached to intersegmental furrows, close to parapodial
bases of Syllis magdalena, Syllis sp. 1, Syllis sp. 2.,
Salvatoria concinna comb. nov., and Salvatoria sp. Also
attached to prostomium of Syllis magdalena and
Syllis sp. 2.
Distribution
Central Chile.
Etymology
The name refers to the Mapuche, a group of indig-
enous inhabitants of south-central Chile and south-
western Argentina.
RHABDOSTYLA TABOADAI SP. NOV. ÁLVAREZ-CAMPOS,
FERNÁNDEZ-LEBORANS, RIESGO & MARTIN,
FIGURES 4E, 5
Material examined
Mediterranean Sea: holotype (MNCN 39.02/25) and
two paratypes (MNCN 39.02/26–27, one mounted for
SEM), Punta Santa Anna, Blanes, Spain, 41°40.25′N,
02°48.06′E, unidentified brown alga, 3 m depth, 23
September 2013.
Comparative material
See Table 3 for comparisons.
Description
Body shape globular, elongated, 30–45 μm long, 15–
23 μm wide, anterior end rounded to slightly project-
ing; when contracting, posterior and anterior folds cover
the contracted part, appearing oval, with deep inden-
tation containing part of contracted posterior end.
Peristomial (oral) disc 26–29 μm in diameter, with 11–
18 ciliary bands. Macronucleus multilobed, usually ante-
rior, near cell periphery. Micronucleus absent. Cortex
distinctly transverse-striated, with 38–42 silver lines.
Stalk 14–17 μm long, 7–9 μm wide, with longitudinal
sinuation. Basal disc 8–12 μm in diameter.
Remarks
Rhabdostyla taboadai sp. nov. is unique because of its
oval and elongated body shape and its multilobular
macronucleus. The rest of the distinctive characters
are discussed in the remarks for Rhabdostyla
mapuche sp. nov.
Figure 7. A, light microscopy picture of Syllis prolifera (origi-
nally described as Typosyllis microoculata) from Hawaii
(HZM.P.14498), showing the epibiotic ciliates on the
intersegmental furrows (arrows). B, line drawing (modi-
fied from Pierantoni, 1903) of Parapionosyllis papillosa from
Italy, showing the epibiotic ciliates on the intersegmental
furrows (arrows).
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Ecology
Attached to intersegmental furrows, close to parapodial
bases of Syllis prolifera.
Distribution
Costa Brava (Spanish North-Eastern Mediterranean
coast).
Etymology
Named after Dr Sergi Taboada, polychaetologist, col-
league, and friend, for his help collecting and sorting
the Mediterranean material, and for his useful advice
and support.
TAXONOMIC ACCOUNT OF SYLLIDS
PHYLUM ANNELIDA LAMARK, 1802
ORDER PHYLLODOCIDA DALES, 1962
FAMILY SYLLIDAE GRUBE, 1850
GENUS SALVATORIA MCINTOSH, 1885
SALVATORIA CONCINNA COMB. NOV.
(WESTHEIDE, 1974)
BRANIA CONCINNA WESTHEIDE, 1974: 44: 91,
FIG. 41
Remarks
San Martín (2005) rescued Salvatoria McIntosh, 1885
for Australian species previously described as Brania
Quatrefages, 1866. The genus formerly included Brania
concinna Westheide, 1974 from the Galápagos Islands,
but the species is transferred here to the genus
Salvatoria because it broods dorsally. Dorsal brood-
ing has not been seen before in this species. This is
also the first report of Salvatoria concinna (Westheide,
1974) comb. nov. for Chilean waters.
GENUS TYPOSYLLIS LANGERHANS, 1879
TYPOSYLLIS MICROOCULATA HARTMANN-SCHRÖDER,
1965: 66–76. LICHER (1999): 133, FIG. 60
Remarks
Specimens of Typosyllis microoculata described by
Hartmann-Schröder (1965) from Hawaii (paratypes,
HZM P-14498) were examined and their characteris-
tic papillae were found to be in fact misinterpreted
ciliate protozoans (Fig. 7A). Without these ‘papillae’
Typosyllis microoculata is identical to the Mediterra-
nean Syllis prolifera. Given the distance between the
type locality and the Mediterranean Sea, futher studies
are needed to consider it as a synonym.
As suggested by previous authors (San Martín, 2003;
Gil, 2011), a similar situation might be occurring with
Parapionosyllis papillosa, which was described as
bearing papillae on intersegmental furrows, with a re-
markable similarity to the ciliate epibionts described
herein (Fig. 7B); however, we were not able to study
the type material and therefore cannot be sure about
the taxonomical status of this species.
DISCUSSION
This is the first study formally reporting the pres-
ence of peritrich ciliate protozoans living as epibionts
of several polychaete species of the family Syllidae.
Despite previous studies suggesting that the diagnos-
tic character ‘papillae’ used to describe some species
could be parasitic ciliates (San Martín, 2003; Gil, 2011),
this epibiotic association was not previously con-
firmed. The occurrence of peritrich ciliates as epibionts
of invertebrates is ubiquitous in marine ecosystems,
but, surprisingly, there are just a handful of studies
describing epibiotic associations between the afore-
mentioned protozoans and polychaete annelids. Knox
& Hicks (1973) found numerous specimens of Vorti-
cella spp. on the dorsal surface of the anterior end of
the body of the onuphid Brevibrachium maculatum
(Estcourt, 1966) (as Rhamphobranchium maculatum)
from New Zealand. Magagnini & Verni (1988) discov-
ered epibiotic peritrich ciliates of the genus Scyphidia
living in association with the archiannelid Nerilla
antennata Schdmit, 1848 from Italy, and more recent-
ly Arias et al. (2010) reported the presence of Epistylis sp.
on the gills and first parapodia of the onuphid Diopatra
marocensis Paxton, Fadlaoui & Lechapt, 1995 from
northern Spain. Several Rhabdostyla species have also
been described as epibionts of polychaetes from dif-
ferent families (see Table 3). Only Magagnini & Verni
(1988) pointed out the possible biological and ecologi-
cal implications for both partners, discarding parasit-
ism as no external damage was observed in the host,
even when ciliates were present in large numbers. Ac-
cordingly, they defined the association as a classical
example of ectocommensalism (sensu Puytorac, Grain
& Mignot, 1987).
Ciliate associations have been traditionally report-
ed in crustaceans, where detrimental effects on the host
linked with the presence of epizoic protozoa seemed
to be the rule. For instance, they may compete for
food or cause negative effects on locomotion or sensory
functions, either making hosts more vulnerable to pre-
dation or making them less competitive with non-
infected crustaceans (Herman & Mihursky, 1964;
Herman, Coull & Brickman, 1971; Evans, Sell & Beeton,
1981; Nagasawa, 1986; Scott & Thune, 1986; Kankaala
& Eloranta, 1987; Nagasawa, 1988). In some cases, even
the basibionts life is threatened by the asphyxiation
caused by occlusion of the functional respiratory surface
by the physical presence of large numbers of proto-
zoans on the gills (Lightner, 1975; Fisher, 1977; Couch,
1978). The presence of peritrich ciliates can also benefit
their host, however, as some of them contain toxins
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that may act in defence against predation (Henebry
& Ridgeway, 1979). In turn, all authors agree that in-
creased food availability is the major advantage ob-
tained by the epibionts from being associated with a
motile substratum. It is not the focus of this study to
evaluate the potential benefits or disadvantages that
this epibiosis might provide to syllids; however, no im-
pairment of swimming efficiency, or other external harm,
was noticed in the specimens carrying the ciliate pro-
tozoans studied herein. To this end, future studies would
certainly be required.
The fact that the epibiotic association between syllids
and ciliates has been so rarely observed and report-
ed in a group that has been extensively studied, par-
ticularly during the last 30 years, is certainly intriguing.
Many authors have extensively discussed the ecologi-
cal importance of protozoans in aquatic ecosystems, and
their possible use as bioindicators, because they usually
thrive in oxygen-poor waters (e.g. Spoon, 1965; Antipa,
1977; Fisher, 1977; Scott & Thune, 1986). Global
warming and other climatological events might lead
to a lowered oxygen content of the oceans (Keeling &
García, 2002), and therefore the anthropogenically
induced hypoxia in seawater may have strong
consequences on marine symbiotic associations.
Additionally, the effects of global warming on proto-
zoan ecology might generate a shift to new hosts,
which could explain their more frequent detection on
syllids (Vickerman, 1992). To correctly assess the po-
tential influence of global warming on the epibiotic as-
sociation between syllids and ciliates, seawater oxygen
levels and syllid infestation rates need to be meas-
ured and monitored through time. With our data we
can only suggest that the presence of symbiotic pro-
tozoans might either be an increase in the number of
epibionts per host (for still unknown biological or eco-
logical reasons) or, more likely, a recent more careful
dedication of observers.
Regardless of the causes of this newly reported
epibiosis, there is a remarkable taxonomic implica-
tion affecting the species descriptions within the family
Syllidae. Given the cases of Parapionosyllis papillosa
and Typosyllis microoculata, we might expect an over-
estimation of the number of species of ‘papillate syllids’.
There might be other cases where the presence of ‘pa-
pillae’ (i.e. misinterpreted protozoans) may have been
a key character distinguishing one ‘species’ from another,
especially when preserved specimens are observed
(which is a common practice in taxonomic studies). The
fixation method used to preserve polychaetes leads to
the contraction of the ciliate epibionts, which, coupled
with their small size, poses serious difficulties in dif-
ferentiating them from simple papillae. Further-
more, this argument may certainly be extended to other
polychaete families (e.g. Sphaerodoriidae), and there-
fore we strongly suggest the careful assessment of the
real nature of papillae-like structures in polychaetes
during routine identification protocols.
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Abstract
Syllis monilaris Savigny in Lamarck, 1818, the type species of the genus Syllis Savigny in Lamarck, 1818, is redescribed 
based on two specimens deposited in the Museum für Naturkunde Berlin (Germany). One specimen is designated as neo-
type, since the original type material is considered to be lost, and there is a necessity to stabilize the nomenclature of the 
group. The species is large sized, with long dorsal cirri on anterior segments, becoming short and fusiform from midbody, 
it has thick compound chaetae with short, unidentate blades, not fused to shafts. The lack of chaetae with fused shafts and 
blades contradicts the division of the genus Syllis into subgenera as proposed by Langerhans (1879), who considered the 
subgenus Syllis as having thick fused chaetae on midbody, in addition to compound chaetae, and the subgenus Typosyllis
with only compound chaetae. A discussion about the systematics of the genus is included, and according to this new data, 
Typosyllis is a junior synonymy of Syllis. 
Key words: Annelida, Syllidae, type species, redescription, Red Sea
Introduction
The genus Syllis was initially erected by Savigny in Lamarck, 1818, to include the species Syllis monilaris Savigny 
in Lamarck, 1818 (see below for authorship explanation). The genus was first included in the family “Nereides” 
(Savigny in Lamarck 1818; Savigny 1822), and later Grube (1850) erected the family Syllidae, with Syllis as the 
type genus of the family. The new taxa were based on material observed and collected near Suez, in the northern 
end of Gulf of Suez, by Jules-César Savigny himself, during the Napoleonic Campaign in Egypt (1798–1801). The 
morphological description seems to have been based mainly on a single, complete, large sized specimen, stated to 
be more than 3 inches long (“trois puces et plus” = more than 76 mm; Savigny 1822), and drawn at natural size as 
being 87 mm long (Savigny 1817; Figure 1). The species was stated to be “commune sur les côtes de la mer 
Rouge”, and its movement in the water described, implying that several living specimens were observed (Savigny 
1822). 
i) Napoleonic Campaign in Egypt (1798–1801)
One of the aims of the Napoleonic Campaign in Egypt was to explore the possibility to connect the 
Mediterranean with the Red Sea through a navigable canal, similar to the Canal of Pharaohs that connected the 
Gulf of Suez with the Nile in the antiquity. With this purpose in mind, and also as a consequence of the 
Enlightenment values of the French Revolution and the wish to make Egypt a model of French culture (Bouchet & 
Danringal 1982), the Campaign incorporated a large contingent of scientists and scholars, among which Jules-
César Savigny. After the return of Napoleon to Paris a large scientific expedition, including Savigny and Geoffroy 
Saint-Hilaire, was sent to the town of Suez, occupied by the French Army in November 1798 (Hamy 1901; Pallary Accepted by P. Hutchings: 7 Oct. 2015; published: 11 Nov. 2015  317
1931; Bouchet & Daringal 1982). According to the personal correspondence of Saint-Hilaire (Hamy 1901), the 
expedition departed for Suez around December 24, 1799, and stayed until shortly after January 14, 1800, when it 
had to return to Cairo, to escape the approaching forces of the Ottoman army by land, and the British by sea. In one 
letter dated January 7, 1800, Saint-Hilaire writes “le citoyen Savigny n’épargne ni dépenses ni peines pour se 
procurer des mollusques, madrépores, oursins, coquillages vivants et généralement tous les animaux à sang blanc 
que la rade de Suès peut fournir. [...] La petite troupe que nous formons ici avait eu le project d’aller par mer à la 
rade de Tor et de lá en nous confiant au Bedoins de cette plage de nous rendre au mont Sinaï. On nous aprend à 
l’instant même que les chameaux de ces Arabes ont été employées pour les besoins de l’armée et qu’il n’y a 
nullement à compter sur leur bienveillance” (Hamy 1901). 
This seems to be the only time Savigny visited the Red Sea, and he must have observed and collected Syllis 
monilaris during the period ranging from the last days of December 1799, to the first half of January 1800. Due to 
the turmoil in the region it was impossible to visit other locations southwards in the Gulf of Suez. Savigny studied 
molluscs collected at Kousséir (= Quseer), on the west shores of the Gulf of Suez and occupied by the French army 
on May 29, 1799, but apparently this material was collected for Savigny by the engineer Du Bois Aymé (Pallary 
1931). Thus the type locality of S. monilaris is Suez and its surroundings, in shallow water. 
FIGURE 1. Syllis monilaris. Original plate by Savigny (1817). 
ii) Authorship and publication dates of Syllis and S. monilaris 
Savigny returned to Paris in February 1802, after a period of quarantine at Marseille just following his arrival 
from Egypt. He published several important works and memoirs between 1801 and 1817, mainly based on the 
material collected during the Campaign. 
During this period Savigny also contributed texts on zoology, covering birds, ascidians, and annelids, to the 
encyclopaedic work “Description de l’Égypte, ou recueil des observations et des recherches qui ont été faites en 
Égypte pendant l’expédition de l’armée française, publié par les ordres de sa Majesté l’Empéreur Napoléon le 
Grand”, briefly known as “Description de l’Égypte”. This work, published between 1809 and 1829, was a 
recompilation of the scientific studies done in Egypt during the Campaign, including those on natural history. It had 
two editions, the first one printed in a large format at the “Imprimerie Impériale” and known as the Impériale
edition, and a second edition printed later in a smaller size at the “Imprimerie de C.L.F. Panckoucke”, repeating the 
text of the first one and known as the Panckoucke edition (Pallary 1931). 
Besides the text, Savigny’s contributions included numerous and very detailed plates for the atlas of natural 
history of Description de l’Égypte. Several of these plates were never published (Pallary 1932, 1934), but the 
published ones included not only invertebrates (103 plates, including 5 on annelids), but also algae (2), and 
vertebrates (20). The largest number of Savigny’s plates are dated to have been drawn and engraved between 1805 
and 1813, but due to an editorial decision, plates drawn, engraved and published as late as 1825 still had these first ÁLVAREZ-CAMPOS ET AL.318  ·  Zootaxa 4040 (3)  © 2015 Magnolia Press
dates printed on them (Pallary 1934). Due to health problems that began to affect his sight in 1817 (Pallary 1931; 
des Cilleuls & Girard 1968), many of the texts and plates on natural history, on which Savigny was working, as 
well as the explanations of the plates, never appeared. 
The publication dates of the different sections of natural history of the Impériale edition were a matter of 
controversy, while there is little doubt concerning the dates of Panckoucke’s second edition. Sherborn (1897) 
revised the publication dates of the natural history sections of the Impériale edition, and his results were supported 
by Tollitt (1986), and finally ruled by Opinion 1461 of the ICZN (1987). This affects Savigny’s Système des 
annélides, principalment de celles des côtes de l’Égypte et de Syrie, which publication date has been cited as 1809, 
1820, 1822, and 1826. Sherborn (1897) attributed with “little doubt” a publication date of 1822 to Savigny’s 
Système des annélides of the Impériale edition, a date also supported by Tollitt (1986) and ruled by the ICZN 
(1987), being 1826 the publication date of the Panckoucke edition.
In what concerns the new taxa, the main results of Savigny’s research on the annelids were first presented to 
the Académie Royale des Sciences as two manuscripts, the first on May 17, 1817, with the title “Recherches pour 
servir à la classification des annélides”, and the second on July 14, 1817, entitled as “Tableau systématique de la 
classe des annélides” (Cuvier et al. 1820). These manuscripts were the basis of the “Système des annélides, 
principalement de celles des côtes de l'Égypte et de la Syrie, offrant les caractères tant distinctifs que naturels des 
ordres, familles et genres, avec la description des espèces” published in the Description de l’Égypte (Savigny 
1822). 
Lamarck (1818) used Savigny’s manuscripts to write the chapter on annelids of his “Histoire naturelle des 
animaux sans vertèbres”, justifying his act as “Comme les travaux de M. Savigny nous paraissent importants [...] 
nous nous empressons de mettre à profit ses observations” (Lamarck 1818: 279), while Cuvier et al. (1820: 96–97) 
added “M. Savigny avoit communiqué une portion de son travail, avec permission d’en faire usage, [to] M. de 
Lamarck [...]”. Lamarck (1818) cited extensively the manuscripts prepared by Savigny as “Sav.Mss.”, including not 
only the general results but also many of the new taxa named and described by Savigny in his unpublished 
manuscripts. He also cites some plates and figures of annelids that are included in the second volume of plates of 
natural history of Description d’Égypte. Later, in his work Savigny (1822: 17) makes reference to the use by 
Lamarck of his manuscripts: “M. de Lamarck ayant généralement adopté la nomenclature et les caractères 
proposés dans le présent système, nous ne citerons désormais son ouvrage qu’aux endroits oú il s’en est écarté”. 
This way many of the new names created by Savigny appeared for the first time in Lamarck (1818), including the 
names Syllis and Syllis monilaris. 
The problems concerning the authorship of the taxa described as new by Lamarck (1818) and citing Savigny’s 
manuscripts were discussed previously by Fauchald (1992), and continued by Wehe & Fiege (2002). According to 
them, as the publication date of Savigny’s work is 1822, the descriptions by Lamarck have priority. However, 
Lamarck explicitly quoted that many of these taxa were from a manuscript prepared by Savigny, as “Sav.Mss.” (see 
Fauchald 1992; Fauchald & Rouse 1997; Wehe & Fiege 2002; Solís-Weiss et al. 2004). According to the ICZN 
article 50.1.1, the credit of authorship belongs to Savigny, and it should be cited accordingly as Savigny in
Lamarck, 1818. This way, the species would be Syllis monilaris Savigny in Lamarck, 1818. 
In what concerns the name of the genus Syllis, Lamarck (1818) does not cite directly the manuscript written by 
Savigny when introducing it, but from the contents of the text it is clear that Savigny is the author, and the 
authorship should also be cited as Syllis Savigny in Lamarck, 1818. The name Syllis (together with the genus name 
Lycoris) also appears written in plate 4 of volume 2 of plates of natural history of Description de l’Égypte, which 
was published in 1817 (e.g. Thomson & Brayley 1838). This would predate Lamarck’s publication, and could be 
considered to be valid (but subject to discussion) according to articles 12.1, 12.2 and 12.2.7 of the ICZN (1999). 
However, in spite of the fact that the second volume of plates of natural history started being published in 1817, 
many of the 105 plates that presently form that volume were added later than 1817 (Pallary 1934). On May 23, 
1814, five plates with 14 drawings of annelids were delivered by Savigny to the Commission in charge of the 
publication of Description de l’Égypte (Pallary 1934). However, the fact that the final version of the plates includes 
drawings of 20 species instead of 14, that plate 1 does not have any drawing 2, and that Lamarck (1818) does not 
cite some of the species pictured in the plates, seem to indicate that the plates were subject to constant changes and 
corrections after their initial delivery, as happened with other plates (Pallary 1934). All the five plates on annelids 
seemed to have been drawn and engraved between “1805–1812”, but as noted above these dates were maintained 
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still waiting to be published (Pallary 1934). Savigny contributed with a total of 125 plates for the Description de 
l’Égypte, distributed by the first two volumes of plates of natural history. When Audouin was appointed, in 1825, to 
write the explanations of these plates, only 39 of them had been published (Audouin 1826). 
As it was not possible to find direct evidences of the publication dates of Savigny’s plates on annelids, and as 
in 1825 at least some of these plates were still awaiting publication, it seems reasonable to think that the plate 
including the name Syllis could have been, and probably was, published after 1817, and that both Lamarck and 
Savigny cited unpublished plates in their works. 
The descriptions of Syllis monilaris given by Savigny in Lamarck (1818) and Savigny (1822) do not include 
many details on the pharynx and proventricle, or the chaetae, details that are now known to be critical to 
discriminate between species in the group. The diagnosis of the genus by Savigny (1822) stated only “trompe 
moyenne, partagée en deux anneaux cylindriques; le second plus petit et plissé à son orifice, dont le bord supérieur 
porte une petite corne solide dirigée en avant”, while the single reference to the chaetae is that they are “assez 
grosses, obtuses, jaunâtres” in the description of the species and “soies simples” in the diagnosis of the genus by 
Savigny (1822), without any reference being made in the diagnosis of Lamarck (1818). 
iii) Savigny’s and Ehrenberg’s specimens, and designation of a neotype
At least part of Savigny’s collections of annelids and molluscs in alcohol was sent to Cuvier, at the Muséum in 
Paris (Pallary 1931, 1932). According to Pallary (1932) and Bouchet & Danrigal (1982), in 1853, after Savigny’s 
death, his manuscripts, notes and collections were offered to the town of Versailles, but it is not clear if collections 
in alcohol were included. This could explain why Grube (1870) was unable to locate Savigny’s material when 
studying the collections of the Muséum National d’Histoire Naturelle (MNHN). The collection was found 
uncurated, in the cellar of the municipal library of Versailles in 1927, being transferred again (or what was left of it) 
to the national collections in 1930 (Pallary 1931). Several types of polychaetes from the Red Sea originally 
collected and described by Savigny were later found at the collections of the MNHN by Solís-Weiss et al. (2004): 
Polynoe impatiens Savigny in Lamarck, 1818, Hesione splendida Savigny in Lamarck, 1818, and Clymene 
amphistoma Savigny in Lamarck, 1818. Thomas Wehe also located specimens collected by Savigny in the Gulf of 
Suez when visiting the MNHN (Wehe et al. 2006), but it was not stated which species. Solís-Weiss et al. (2004) 
highlighted that probably other types are deposited at the MNHN, but for several reasons (such as unreadable or 
missing labels) it was not possible to identify them. At least in with regards to mollusc shells, Savigny seldom 
wrote labels, using numbers instead, probably associated with a catalogue (Pallary 1932). The type of Syllis 
monilaris was never located, and Licher (1999) considered that it was lost. A subsequent search by Tarik Mezanie 
(MNHN) at the request of two of the authors (P.A.-C. and G.S.M.) was also unsuccessful. 
The type material of Syllis monilaris is thus considered to be lost, and the doubts concerning the chaetae and 
other important morphological characters have remained unsolved since its description. Syllis monilaris is the type 
of the genus Syllis Savigny in Lamarck, 1818, which in turn is the type genus of the family Syllidae Grube, 1850. 
Syllis is the polychaete genus with the largest number of described species and has a very complex taxonomy and 
list of synonymies (see below), while the Syllidae, in its turn, is the most speciose family of polychaetes. Thus, the 
lack of a good description of such important species in the group has caused nomenclature instability almost since 
its description. 
However, Grube (1869) reported and redescribed, without figures, Syllis monilaris (as Syllis moniliformis
[sic]), in Latin, on the bases of several specimens collected by Christian Gottfried Ehrenberg, in El Tor, also in the 
Gulf of Suez. This material was collected during the Hemprich and Ehrenberg’s Expedition to Egypt and the 
Middle East (1820–1825), when Ehrenberg stayed in El Tor from October 6, 1823 to March 6, 1824 (Ehrenberg 
1828; Baker 1997; Bauer 2000). Grube’s description is more comprehensive than the previous ones and includes 
details about the chaetae: “falce plus minus brevi apice simplici, ceterarum multo fortiores bicuspides” (Grube 
1869: 503). This description has been generally overlooked, perhaps because the species was erroneously named in 
the paper as “Syllis moniliformis”, although the author clearly states Savigny as the author of the species and 
correctly cites the text and plates of Description de l’Égypte with its description. 
iv) Neotype designation 
Ehrenberg’s specimens identified by Grube are deposited at the Museum für Naturkunde Berlin (ZMB), 
Germany, are clearly identified by an accompanying label stating “Syllis monilaris” (Fig. 2A), and were re-ÁLVAREZ-CAMPOS ET AL.320  ·  Zootaxa 4040 (3)  © 2015 Magnolia Press
examined by us. Two of them are in very good condition, and the longer one is here designated as neotype, figured 
and redescribed, in agreement with the ICZN articles 75.3.2 and 75.3.3. 
This material is consistent with the previous descriptions and figures of the species, and the designation of a 
neotype is needed to stabilize the complex nomenclature of the group, as the type material is considered to be lost 
(articles 75.3.1, 75.3.4, and 75.3.5 of the ICZN). El Tor is relatively close to the type locality of the species (in 
agreement with article 75.3.6), and the neotype was collected by Ehrenberg about 24 years after the collection of 
the lost type material by Savigny, and long before the opening of the Suez Canal (November 17, 1869), with the 
subsequent reports of anti-Lessepsian migrants and introduced species in the region, besides the severe 
anthropogenic modification of the original type locality of the species. This designation ensures that the neotype is 
consistent with what is known of the former name-bearing type as much as possible, morphologically, and 
geographically. Finally, in agreement with the ICZN article 75.3.7, the neotype is deposited at the same institution 
where it had been held (ZMB). 
Family Syllidae Grube, 1850
Genus Syllis Savigny in Lamarck, 1818
Syllis Savigny 1817: plate 4, fig. 3 [plate 4 probably published later than 1817]. Savigny in Lamarck 1818: 317–318. Savigny 
1822: 43–44. Audouin 1826: 71. Savigny 1826: 372–373. 
Ioida Johnston 1840: 231. (Type species: Ioida macrophthalma Johnston, 1840)
Gnathosyllis Schmarda 1861: 69. (Type species: Gnathosyllis diplodonta Schmarda, 1861) 
Trichosyllis Schmarda 1861: 73. (Type species: Trichosyllis sylliformis Schmarda, 1861) 
Heterosyllis Claparède 1863: 248. (Type species : Heterosyllis brachiata Claparède, 1863)
Isosyllis Ehlers 1864: 251. (Type species: never designated) 
Pagenstecheria Quatrefages 1865: 17. (Type species : Syllis oblonga Keferstein, 1862)
Aporosyllis Quatrefages 1865: 87. (Type species : Syllis gracilis Grube, 1840) 
Ehlersia Quatrefages 1865: 104. (Type species : Syllis sexoculata Ehlers, 1864)
Thoe Kinberg 1866: 249. (Type species : Thoe fusiformis Kinberg, 1866)
Eurymedusa Kinberg 1866: 249. (Type species : Eurymedusa picta Kinberg, 1866)
Laomedora Kinberg 1866 : 250. (Type species : Laomedora fusifera Kinberg, 1866)
Chaetosyllis Malmgren 1867: 44. (Type species : Chaetosyllis oerstedi Malmgren, 1867) 
Typosyllis Langerhans 1879: 528–529. (Type species : Syllis krohni Ehlers, 1864) 
Langerhansia Czerniavsky 1881: 395. (Type species : Syllis sexoculata Ehlers, 1864) 
Paratyposyllis Hartmann-Schröder 1962: 95. (Type species : Paratyposyllis paurocirrata Hartmann-Schröder, 1962) 
Reductotyposyllis Hartmann-Schröder 1974: 123. (Type species: Reductosyllis atentaculocirrata Hartmann-Schröder, 1974) 
Type species: Syllis monilaris Savigny in Lamarck 1818: 318. Type by monotypy. 
Diagnosis. Body cylindrical. Palps fused basally. Antennae, tentacular, anal, and dorsal cirri distinctly annulate, 
moniliform. Pharynx with dorsal tooth located on anterior rim or slightly posterior to anterior margin, pharynx with 
crown of soft papillae; some species with two crowns of papillae. Compound chaetae falcigerous, sometimes with 
pseudospinigers present in some regions of body, some species with thick pseudo-simple chaetae produced by loss 
of blade and enlargement of shaft, or by shaft and blade fusion, which can be only partial. Capillary dorsal and 
ventral simple chaetae present on posterior parapodia. Reproduction by scissiparous schizogamy (one single stolon 
at a time). Stolons dicerous, tetracerous or pentacerous; some species viviparous. For further details, see San 
Martín (1984, 1992, 2003), San Martín & Aguado (2014), and Simon et al. (2014).
Etymology. Although Lamarck (1818), Savigny (1822) and Grube (1850) did not specify anything about the 
origin of the name, San Martín & Aguado (2014) explained that Syllis was a nymph of the Greek Mythology. Syllis 
(also known as Hyllis) was daughter of Hyllus and Iole, and mother of Zeuxippus by Apollo. During the 19th 
Century the natural history was still very influenced by the currents of the Enlightenment and Neoclassicism, and it 
was common to name new taxa inspired by classical mythology.  Zootaxa 4040 (3)  © 2015 Magnolia Press  ·  321REDESCRIPTION OF SYLLIS MONILARIS NEOTYPE
Syllis monilaris Savigny in Lamarck, 1818
Figures 1–5
Syllis monilaris Savigny in Lamarck 1818: 318.
Syllis monilaris Savigny 1822: 44–45, pl. 4, fig. 3.
Syllis monilaris Audouin 1826: 71. 
Syllis monilaris Savigny 1826: 372–373, pl. IV, fig. 3. 
Syllis monilaris Blainville 1828: 473, pl. 17, fig. 2.
Syllis monilaris Peters 1855: 613.
Syllis monilaris Licher 1999: 292.
Syllis moniliformis [sic ; lapsus calami] Grube 1869: 502.
Syllis moniliformis Licher 1999: 306.
Material examined. El Tor (Egypt, Sinai Peninsula, Gulf of Suez), C.G. Ehrenberg coll., id. A.E. Grube, 2 
specimens: ZMB F1941, 1 bigger specimen, designated as neotype; ZMB 11529, 1 smaller specimen, broken in 
two. 
Additional material. England, off Folkestone, eastern English Channel, 51.02726º N, 1.30379º E, coarse 
sediment with Sabellaria spinulosa crust, 33 m depth, 22 Jun 2014, Fokestone Pomerania Survey, 3 specimens 
(collection of APEM Ltd.). Australia, Western Australia, Houtman Abrolhos, NE entrance Goss Passage, Beacon 
Island, 28° 27' 54" S , 113° 46' 42" E, 25 May 1994, 33 m depth, underneath boulders embedded in coral sand, coll. 
Pat Hutchings, 1 specimen (AM W29492). 
FIGURE 2. Syllis monilaris. Photographs of neotype (ZMB F1941). A, complete specimen, with original ZMB’s label. B, 
anterior end, dorsal view. C, midbody, dorsal view. D, compound chaetae, anterior parapodia. E, compound chaetae, midbody.
Redescription based on neotype (ZMB F1941). Body of large size, elongated (Figs 2A–C, 3), incomplete, 
5.8 cm and 296 chaetigers long, almost 1 mm wide on anterior body (Fig. 3), wider on mid-posterior segments (1.4 
mm) (Fig. 4C), slender posteriorly (0.7 mm) (Fig. 4D). Body now very dark, opaque (Figs. 2A–C). Prostomium 
pentagonal; 4 eyes in trapezoidal arrangement. Palps robust, similar in length to prostomium. Median antenna on 
posterior part of prostomium, between posterior eyes, with 16 articles, slightly longer than combined length of 
prostomium and palps; lateral antennae shorter than median one, with 13–14 articles each. Peristomium shorter 
than subsequent segments (Fig. 3). Dorsal tentacular cirri longer than median antenna, about twice as long as lateral 
ones, with about 25 articles each; ventral tentacular cirri about half length of dorsal ones, with 18 articles each. 
Dorsal cirri longer than body width on anterior segments, becoming similar to shorter than body width from 
midbody backwards, and more or less fusiform, especially from midbody backwards (Fig. 4A–C), with well 
defined cirrophores and articles; articles basally and distally smaller than medially; anteriormost dorsal cirri longer ÁLVAREZ-CAMPOS ET AL.322  ·  Zootaxa 4040 (3)  © 2015 Magnolia Press
than dorsal tentacular cirri, with 28–22–29–32–20–26–21–19–27 articles (left side), 29–19–26–32–22–22–21–23–
23 articles (right side) (Fig. 3); at proventricular level, all cirri becoming shorter and similar in length, with about 
14–18 articles (Fig. 4A); 12–14 articles on midbody (Fig. 4B), with similar cirri alternating irregularly between 
long and short; on midbody-posterior segments, dorsal cirri proportionally thicker and more fusiform, with 12–17 
articles (Fig. 4C); on posteriormost segments, dorsal cirri smaller, with 10–14 articles each (Fig. 4D). Parapodia 
conical, distally bilobed on dorsal view (Fig. 3). Ventral cirri digitiform, longer than parapodial lobes on anterior 
parapodia, becoming shorter from midbody onwards. Chaetae mostly broken but some parapodia with complete 
fascicles all along the body. All chaetae heterogomph compound, with thick shafts and short, triangular, unidentate 
blades sometimes with short spines on margin, but blades usually smooth, similar in shape and size throughout 
body (Figs 2D–E, 5A–C). Upper blades 35 µm long, lower ones 25 µm long; usually dorsal-most falciger on each 
parapodium with slightly thicker shaft than remaining ones. Anterior parapodia each with 9 compound chaetae 
(Fig. 5A); occasionally some chaetae slightly bidentate; midbody parapodia with 8 compound chaetae (Fig. 5B); 
posterior parapodia with 5 compound chaetae (Fig. 5C). Dorsal and ventral simple chaetae not observed (specimen 
incomplete). Anterior parapodia with 7 aciculae (Fig. 5D), 4 at midbody (Fig. 5E), and 2 in posteriormost 
parapodia, one distally blunt and other slightly acuminate (Fig. 5F). Pharynx extending through about 13 segments; 
pharyngeal tooth on anterior margin of pharynx. Proventricle from chaetigers 13 to 21. 
Second specimen (ZMB 11529) much smaller than neotype, broken in two pieces and also incomplete, 13 mm 
long and 76 chaetigers, 1 mm wide on anterior body.
Distribution. Only known from the Gulf of Suez. In agreement with the ICZN article 76.3, the type locality of 
the species becomes El Tor (Egypt, Sinai Peninsula, Gulf of Suez), locality of collection of the neotype. 
Habitat. Stated to be common on the coasts of the Red Sea (Savigny 1822). Collected at El Tor under flattened 
grey coloured sponges, between corals (“Sub tegmine gelatinoso-carneo-cinereo lineari lapidibus affini inter 
corallia ad Tor”; Grube 1869). . “Elle se déplace en serpentant avec beaucoup d’agilité et remuant continuellement 
ses cirres” (Savigny 1822). 
Etymology. According to WoRMS (Gil 2015) the specific epithet monilaris is formed by the Latin root monil-
, meaning "string of beads", and the Latin suffix -aris, which is used to form an adjective, usually by adding it to a 
noun, indicating a relationship or a pertaining to, referring to the presence of moniliform antennae and cirri typical 
of the species.
Remarks. The specimens studied by Grube agree with the descriptions and drawings provided by Savigny and 
Lamarck, and were collected in the same area (Gulf of Suez), so we have no doubt that they represent the same 
species. Since the type material used for the original description was lost, and that with the exception of Grube 
(1869) nobody redescribed the species, we designate here a neotype and provide a redescription. Both specimens 
from the ZMB are in excellent condition, flexible, and well preserved, although most chaetae are now broken; 
however, specimens are very darkened, and both pharynx and proventricle are difficult to see by transparency; in 
order to preserve as undamaged as possible these two important specimens, we have not removed parapodia nor 
dissected them, so it is not possible to detail the number of muscle cell rows of the proventricle. Savigny’s 
description of Syllis monilaris is much more extensive than the one published in Lamarck (1818), but even so very 
incomplete, not detailing some important characters, especially the size and shape of the chaetae; the chaetae are 
described by Savigny (1822) as “assez grosses, obtuses, jaunâtres” (“thick enough, obtuse, yellowish”), while the 
genus Syllis is stated to have “soies simples” (“simple chaetae”); in the drawings only the bases of the shafts are 
shown (see Fig. 1). However, Grube (1869) describes the chaetae as “falce plus minus brevi apice simplici”, 
meaning that the chaetae did have a more or less short, simple, sickle-shaped apex. Savigny figured a dark, opaque, 
very long, complete specimen, with 341 segments and more than 76 mm long (from text; about 87 mm long from 
figure), and described to be grey-reddish coloured with some iridescence. Grube (1869) reported about 300 
segments, and we counted 296 chaetigers in the incomplete neotype. Both Grube’s and Savigny’s specimens have 
elongated dorsal cirri on anterior segments, becoming shorter, somewhat fusiform, on midbody and posterior 
segments, where they are shorter than body width (see Fig. 4). This arrangement of dorsal cirri is similar to those of 
Syllis gracilis Grube, 1840, Syllis armillaris (O.F. Müller, 1776) and, especially, Syllis hyalina Grube, 1863; the 
general aspect of the body of Syllis monilaris is quite similar to the latter, but the compound chaetae are closer to 
those of S. armillaris, although clearly different. All these species have thick compound chaetae with short blades, 
which are fused with the shafts in the midbody parapodia only in S. gracilis. The three are probably closely related, 
since they also share the pentacerous reproductive stolon; however, none of the examined specimens of Syllis  Zootaxa 4040 (3)  © 2015 Magnolia Press  ·  323REDESCRIPTION OF SYLLIS MONILARIS NEOTYPE
monilaris were developing stolons, and none of them is useful for molecular analyses. This way, we cannot assure 
the phylogenetic relationships of S. monilaris with other species of Syllis. Furthermore, the three species are 
reported worldwide and each one of them represents likely a complex of different species. Future researches will 
provide further details for the knowledge of S. monilaris (number of rows in the proventricle, dorsal and ventral 
simple capillary chaetae, type of stolon, molecular data), but the present description is sufficient and adequate for a 
correct identification of the species.
FIGURE 3. Syllis monilaris. Neotype (ZMB F1941). Anterior end, dorsal view. Scale: 0.4 mm.
Three specimens from England and one from Beacon Island (Western Australia) agree perfectly with the 
description of Syllis monilaris, although being smaller. Whether they belong or not to the same species is not ÁLVAREZ-CAMPOS ET AL.324  ·  Zootaxa 4040 (3)  © 2015 Magnolia Press
possible to assess at this moment. Licher (1999) reports this species from La Rochelle (France) based on specimens 
collected by d’Orbigny (MNHN A–74, 15 specimens), and also from Sicily, as Syllis moniliformis (NHMW 621, 3 
specimens). The question if the records of the species from Northern France and England, or the Mediterranean Sea 
represent sibling species or introduced populations remains unsolved until further detailed studies can be carried 
out. The Australian specimen however, comes from the same Ocean as S. monilaris, although from a very distant 
locality. The present redescription will make the recognition of the species easier, and additional material will 
probably provide an answer to the above questions.
FIGURE 4. Syllis monilaris. Neotype (ZMB F1941). A, dorsal cirri, proventricular level. B, dorsal cirri, midbody. C, mid-
posterior segments, dorsal view. D, posterior segments, dorsal view. Scale: 0.4 mm. Zootaxa 4040 (3)  © 2015 Magnolia Press  ·  325REDESCRIPTION OF SYLLIS MONILARIS NEOTYPE
FIGURE 5. Syllis monilaris. Neotype (ZMB F1941). Compound chaetae: A, anterior. B, midbody. C, posterior. Aciculae: D, 
anterior. E, midbody. F, posterior. Scale: 50 µm.
Syllis monilaris is the type species of the type genus of the family Syllidae, but it was poorly known, as a 
detailed description was lacking. This lack of knowledge caused numerous synonymies (see above list) and 
taxonomic problems. The most remarkable attempt to simplify the situation was done by Langerhans (1879), who 
split the genus into four subgenera: Haplosyllis, only with simple chaetae; Typosyllis, only with compound 
falcigerous chaetae; Syllis, with both compound falcigers and some secondarily simple, thick chaetae; and 
Ehlersia, with spinigerous and falcigerous compound chaetae; this division was followed by Fauvel (1923) and ÁLVAREZ-CAMPOS ET AL.326  ·  Zootaxa 4040 (3)  © 2015 Magnolia Press
subsequent numerous different systems of classification, depending on the authors, who considered them as 
subgenera or raised them to genera. San Martín (1984, 1992, 2003) offered a detailed discussion and revision of 
this problem, and with the exception of Haplosyllis, considered as a genus per se, proposed the combination of the 
remaining three genera under the genus Syllis, at least until more species were better known and more data 
available: “[...] the division of Syllis [...] both as subgenera or genera, is an artificial division and it has been 
followed for practical reasons more than scientific ones [...]” (San Martín 1992). 
Furthermore, San Martín (1992) stated that “All these considerations do not mean that Syllis must be 
considered as a homogeneous genus. There are many other characters, which have not been described for most of 
the species of this genus, but could be useful for segregating Syllis into groups of species or subgenera. These 
characters are mainly three: the shape of posterior aciculae, shape of the solitary dorsal setae, and the kind of 
reproductive stolon.”
Some recent authors (e.g. Licher 1999, Tovar-Hernández et al. 2002, Aguado et al. 2015) have maintained the 
existence of two genera: Syllis, with some simple chaetae in midbody resulting from the fusion of the blades with 
the shafts, and Typosyllis, with the rest of the species, including those with thick simple chaetae resulting from the 
loss of blades, and the ones with pseudospinigers (previously considered as spinigers). This contradicts the opinion 
expressed by San Martín (1984, 1992, 2003), in that “the presence of thick simple setae, which would define the 
subgenus Syllis, cannot be used as a generic or subgeneric character, but only as a specific character” (San Martín 
1992). The fusion of blades and shafts is progressive during the ontogeny, and younger specimens of Syllis gracilis, 
for instance, do not have fused chaetae, and they become more markedly fused as the specimen grows; the presence 
of thick simple chaetae is thus a secondary character. This species would be a special case in the Animal Kingdom, 
changing of genus during its ontogeny, being Typosyllis during the early stages, and Syllis when adult. Furthermore, 
there are some other similar species with only partially fused chaetae, which would not fit clearly in the two genera. 
There are two more considerations supporting Typosyllis as a non-valid genus, and just one more among many 
other synonymies of Syllis:
1. The type species of the genus Syllis, Syllis monilaris, does not have fused chaetae, contrary to what is stated 
in the diagnosis of the genus by Savigny (1822) (see above redescription of neotype).
2. There are several older genera synonymized with Syllis that would have priority over Typosyllis (see list of 
synonymies above). 
Two of the authors (P.A.-C. and G.S.M.) are currently revising the available types of each one of these 
synonymies, and preparing redescriptions of some older species, in the framework of a global revision of the 
systematics of the genus, supported by molecular data whenever available (Álvarez-Campos et al. in press). 
Considering the possible future division of Syllis into several genera as a result of the ongoing studies, the name 
Typosyllis could only be applied for its type species (Syllis krohnii Ehlers, 1864) and closely related species, and 
only in the case there would be no available previous name to designate the group, according to the ICZN article 
23.3.
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Abstract
The taxonomy and phylogenetic relationships within Syllis Savigny in Lamarck, 1818, the type genus of the family Syl-
lidae, are still a matter of debate because the group does not show clear synapomorphies and because of the lack of mo-
lecular data for many of the species. In order to help understand some of the phylogenetic relationships within the genus 
Syllis, we have performed a morphological revision of part of the material collected during decades by the Australian Mu-
seum staff, and provide molecular data for species not sequenced before. In particular, seven poorly known Australian 
species of the genus Syllis Savigny in Lamarck, 1818 have been re-described in detail and sequenced to analyze their phy-
logenetic position: Syllis broomensis n. comb., S. crassicirrata (Treadwell, 1925) n. comb., Syllis cruzi Núñez & San Mar-
tín, 1991, S. edensis (Hartmann-Schröder, 1989), Syllis gracilis Grube, 1840, Syllis picta (Kinberg, 1866) n. comb., and 
S. setoensis (Imajima, 1966). The results obtained indicate the paraphyly of Typosyllis and a possible new organization of
Syllis, which contains at least four well-supported clades.
Key words: Syllis, polychaeta, taxonomy, phylogeny
Introduction
Syllids are one of the usually dominant groups in most marine habitats both in terms of number of species and 
individuals (San Martín 2003) and, in particular, they constitute a common and highly diverse group of animals in 
Australian waters (Glasby 2000). Many authors have undertaken major studies to  describe the Australian Syllidae 
fauna, especially since the beginning of the 20th century (e.g. Haswell 1886, 1920, Augener 1913, 1927; Fauvel 
1917; Monro 1931; Hartmann-Schröder 1979, 1980, 1981, 1982, 1983, 1984, 1985, 1986, 1987, 1989, 1990, 1991; 
Hutchings & Rainer 1979, 1980; Hutchings & Murray 1984; Glasby 2000; Glasby & Watson 2001; San Martín & 
López 1998, 2003; San Martín 2005; San Martín & Hutchings 2006, San Martín et al. 2008 a, b; San Martín et al. 
2010; Lattig et al. 2010; Aguado et al., 2015a). However, none of the recent studies have focused on the type genus 
of the family: Syllis Savigny in Lamarck, 1818. 
The genus Syllis is the largest and most diverse within the syllids, with more than 120 species worldwide 
distributed and around 30 described species in Australia (Licher 1999; San Martín 2003). However, there is still a 
lack of knowledge in the genus that may in part be due to the chaotic state of the group, given that there are many 
taxonomic problems, and its phylogenetic relationships are still a matter of debate. One of the main taxonomic 
problems is the lack of consensus among different authors regarding the status of the genus and the species within 
it. Syllis was divided by Langerhans (1879) into four subgenera, on the basis of chaetal characters: Typosyllis 
Langerhans, 1879, only with falcigerous chaetae; Haplosyllis Langerhans, 1879, with only thick simple chaetae; 
Ehlersia Quatrefages, 1865, with falcigerous and elongated compound chaetae (pseudospinigers); and Syllis with 
pseudo-simple (the result of the fusion of shafts and blades) and falcigerous chaetae. Many authors have followed 
this division (e. g. Fauvel 1923) while others have considered each subgenus as a valid genus (e. g. Fauchald 1977). 
For instance, Hartman (1959) proposed the change of species with pseudospinigers from Ehlersia ex. auct. to Accepted by A. Nygren: 3 Nov. 2015; published: 3 Dec. 2015  297
Langerhansia Czerniavsky, 1881; however, this change was not widely accepted and  both names have been used 
either as a genus and as a subgenus (see San Martín 1992). Currently, Haplosyllis is considered as a distinct genus 
within the subfamily Syllinae (San Martín 2003; Lattig et al. 2007, 2010), but the status of the rest of the genera/
subgenera is still a matter of debate. Typosyllis and Syllis were revised in detail by Licher (1999), who organized 
the now considered genus Typosyllis into 18 different species-complexes using a cladistic analysis of 213 taxa. He 
included Ehlersia (and Langerhansia) under Typosyllis, and concluded that only species with pseudo-simple 
chaetae could be considered as Syllis, whereas the rest of the species belong to Typosyllis. Therefore, Licher (1999) 
considered 107 species within Typosyllis and 17 within Syllis. However, San Martín (1992, 2003) considered that 
the only valid genera were Syllis. The World Register of Marine Species database (WoRMS Editorial Board, 2015) 
considers Typosyllis to be a synonymy of Syllis (following San Martín 1992, 2003), but on the other hand, some 
species belonging to Typosyllis also appear valid in the database. In addition, the new species described either as 
Syllis or Typosyllis, depending on the criteria of the authors, increase the chaos in the group (e.g. San Martín & 
López 2000; Capa et al. 2001, Nogueira & San Martín 2002; Tovar-Hernández et al. 2002; San Martín 2004; 
Ravara et al. 2004; Çinar 2005; Musco & Giangrande 2006; Nogueira & Yunda-Guarin 2008, Lucas et al. 2012; 
Salcedo-Oropeza et al. 2012; Simon et al. 2014).  
An additional problem is the lack of details in the oldest descriptions of Syllis species, which hampers the 
reliable identification of specimens. Moreover, a large part of these old type specimens have been lost (e.g. species 
described by Haswell 1886), including the type species of the genus, Syllis monilaris Savigny in Lamarck, 1818. 
Furthermore, there are no clear morphological synapomorphies for the genus and, traditionally, Syllis has been 
considered a mixture of species with no other distinctive features (e.g. flattened bodies, claw-shaped or simple 
chaetae). Finally, in the two phylogenetic studies using molecular data, Syllis and Typosyllis appeared as 
paraphyletic, but the results were not conclusive given the lack of support for most of the clades (see Aguado et al.
2007; Aguado et al. 2012). Therefore, the phylogenetic relationships within both genera, as well as the validity of 
Typosyllis, still remain unsolved. 
In Australia, most Syllis/Typosyllis species were described by Hartman-Schröder (1979, 1980, 1981, 1982, 
1983, 1984, 1985, 1986, 1987, 1989, 1990, 1991), but some of them where subsequently synonymized, sometimes 
erroneously, generating more confusion within the genus. While other syllid genera from Australia have already 
been reviewed in detail (San Martín 2005; San Martín & Hutchings 2006, San Martín et al. 2008 a, b, 2010; Lattig 
et al. 2010, the genus Syllis from Australia still needs a thorough revision. Based on the material collected during 
decades by the Australian Museum (AM) staff, we have performed the first attempt to revise the Australian Syllis/
Typosyllis fauna. Following San Martín (2003), we consider Typosyllis as a Syllis synonymy until a more 
comprehensive revision of the matter is performed. In our study, re-descriptions of seven poorly known Australian 
species are provided: Syllis broomensis (Hartmann–Schröder, 1979) n. comb., Syllis crassicirrata (Treadwell, 
1925) n. comb., Syllis cruzi Núñez & San Martín, 1991, Syllis edensis (Hartmann-Schröder, 1989) n. comb., Syllis 
gracilis Grube, 1840, Syllis picta (Kinberg, 1866) n. comb., and Syllis setoensis (Imajima, 1966). In addition, a 
phylogenetic hypothesis is provided using multilocus analysis (two mitochondrial and one nuclear markers) of 37 
species of Syllis including all the species redescribed here.  
Material and methods
Sampling and morphological examination. The Australian material was collected by the staff of the Marine 
Invertebrates section of the AM during regular fieldwork trips and two different biological surveys (“CReefs 
Lizard Island Expeditions” and “Woodside Kimberley Survey”), between 1984 and 2012 (see taxonomic section). 
The specimens were fixed and preserved in 80% ethanol. The material from the Philippines and New Zealand was 
collected by the members of the project CGL2009-12292 BOS of the Spanish Ministry of Economy and 
Knowledge, in 2010 and 2012 from the intertidal and subtidal zones or using SCUBA diving (see taxonomic 
section), and fixed in 96–100% ethanol. Morphological examination of specimens was performed under a Nikon 
Optiphot light microscope with a differential interference contrast system (Nomarsky) at the Universidad 
Autónoma de Madrid (UAM). Using light microscopy, drawings were made to scale with a camera lucida attached 
to a Nikon Optiphot microscope. Width of specimens was measured at the level of the proventricle, excluding the 
parapodia. For scanning electron microscopy (SEM), selected specimens were dried via critical point, coated in ÁLVAREZ-CAMPOS ET AL.298  ·  Zootaxa 4052 (2)  © 2015 Magnolia Press
gold, and observed under a Zeiss EVO LS15 SEM with a Robinson Backscatter detector (AM) and a Hitachi S-
3000N electron microscope (SIDI, Servicio Interdepartamental de Investigación, UAM). One specimen of each 
species was also photographed using a Leica MZ16 microscope and Spot flex 15.2 camera attached and images of 
the entire animal were generated using a montage program. Descriptions are based only on specimens collected 
from Australian waters, with occasional comments on additional material, either from Australia or from other 
areas. All the newly collected specimens from the Philippines and New Zealand were deposited at the Museo 
Nacional de Ciencias Naturales de Madrid (MNCN) and Museum of Comparative Zoology, Harvard University, 
Cambridge, Massachusetts (MCZ). Comparative material was loaned from the Australian Museum (AM), the 
Hamburg Zoological Museum (HZM), the Swedish Museum of Natural History (SMNH), the California Academy 
of Sciences (CASIZ), the MNCN, and the Insular Museum of Natural Sciences of Santa Cruz de Tenerife (TFMC).
Molecular analyses. Genomic DNA was extracted from one or two specimens of each of the 5 newly 
collected species (Table 1), using the DNeasy Blood & Tissue Kit (Qiagen), following manufacturer’s instructions. 
Fragments of the nuclear gene 18S rRNA (1691 bp) and the mitochondrial 16S rRNA (433 bp) and cytochrome c
oxidase subunit I (COI, 629 bp) were PCR-amplified. For 18S rRNA, three overlapping pairs of primers were used: 
18S1F-18S4R, 18S3F-18Sbi and 18Sa2.0-18S9R (Giribet et al. 1996; Whiting et al, 1997). Primers 16SarL and 
16SbrH (Palumbi 1996) were used to amplify 16S rRNA and the modified primers with inosine jgLCO1490 and 
jgHCO2198 (Geller et al. 2013) were employed to amplify COI in all specimens.
PCR reactions consisted of 1 µL of DNA template in 25 µL reaction volumes containing 18 µL H
2
O; 5 µL 5X 
USB buffer, 0.25 µL of each of 10 µM primers, 0.5 µL of 10mM dNTP’s, and 0.13 µL of 1.25 U/µL GOTaq DNA 
Polymerase (Promega). The temperature profile for the 18S rRNA nuclear markers was: 95 °C/120 s; (95 °C/30 s; 
47 ºC/30 s; 72 ºC/180 s) x 35 cycles; 72 ºC/300 s; for 16S rRNA: 95 °C/5 min; (95 °C/30 s; 45 ºC/30 s; 72 ºC/60 s) 
x 35 cycles; 72 °C/10 min; and for COI: 95 °C/15 min; (94 °C/30 s; 45 ºC/70 s; 72 ºC/90 s) x 40 cycles; 72 °C/10 
min. For cycle sequencing, 10 µL reactions were prepared using 1.5 µL of cleaned template DNA for each primer 
direction using the following protocol: 4.3 µL ultrapure H
2
0, 0.5 µL 5X BigDye buffer, 3.2 µL 10 µM primer, 1.0 
µL of BigDye Terminator v3.1 (Life Technologies, ABI). The sequencing reaction temperature profile was: 94 °C/
180 s; (94 °C/10 s; 50 °C/5 s; 60 °C/4 min) x 25 cycles. Sequencing products for each primer were precipitated 
using 3 g Sephadex beads in 45 mL of ultrapure distilled water. Then, samples were evaporated and resuspended in 
20 µL of formamide. The sequencing reaction products were then analyzed using an ABI Prism 3730xl Genetic 
Analyzer (Applied Biosystems). 
Sequences were edited in Geneious 6.1.6 (Kearse et al. 2012), where primers were removed and overlapping 
amplicons in 18S rRNA were merged into a consensus sequence. The remaining sequences for the alignments were 
obtained from GenBank, including those of the re-described species S. crassicirrata n. comb. and S. edensis n. 
comb. previously sequenced (Table 1). Multiple sequence alignments were run in MAFFT version 7 under default 
parameters (Katoh & Standley 2013). To remove highly variable positions in the nuclear ribosomal markers, 
Gblocks version 0.91b (Castresana 2002) was used with a maximum of 8 contiguous non-conserved positions and 
5 as the minimum length of blocks.
Phylogenetic analysis. In order to assess the phylogenetic position of the seven herein re-described Australian 
species, the newly generated sequences were combined with sequences of another 30 Syllis species available in 
GenBank (Table 1). Five species of the related genera Branchiosyllis Ehlers, 1887 and Haplosyllis were used as 
outgroups (Table 1). Mitochondrial and nuclear datasets were analysed both individually and concatenated. 
Selection of models of sequence evolution was done using the Akaike information criterion (AIC) in JModeltest 2 
(Darriba et al. 2012). The best model for the dataset of both nuclear and mitochondrial markers was a General Time 
Reversible (GTR) model of sequence evolution with gamma-distributed rates across sites and a proportion of 
invariable sites (GTR+G+I). 
Maximum likelihood (ML) partitioned analyses of the concatenated datasets were run in RAxML v. 1.3 
(Stamatakis 2006) using the GTR+G+I model. Bootstrap support values were estimated using 1000 replicates and 
10 starting trees (Stamatakis et al. 2008). Bayesian Inference (BI) partitioned analyses were also run with the 
concatenated datasets and the GTR+G+I model, implemented in MrBayes 3.2.1 (Ronquist et al. 2012), and run 
with four Markov chains that were started from a random tree and run simultaneously for ten million generations, 
with trees sampled every 500 generations (samplefreq = 500); the initial 25 percent of trees were discarded 
as burn-in (burninfrac=0.25), after assessing for convergence with Tracer v1.6 (Rambaut et al. 2014). The resulted 
phylogenetic trees where plotted in FigTree v1.4.2 (Rambaut 2014). Zootaxa 4052 (2)  © 2015 Magnolia Press  ·  299THE GENUS SYLLIS (ANNELIDA, SYLLIDAE) FROM AUSTRALIA
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Results
Taxonomy
Genus Syllis Savigny in Lamarck, 1818
Syllis Savigny in Lamarck, 1818: 318.
Ioida Johnston, 1840: 231.
Trichosyllis Schmarda, 1861: 73.
Gnathosyllis Schmarda, 1861: 69.
Isosyllis Ehlers, 1864: 251.
Pagenstecheria Quatrefages, 1865: 17.
Aporosyllis Quatrefages, 1865: 87.
Heterosyllis Kinberg, 1866: 248
Thoe Kinberg, 1866: 42.
Laomedora Kinberg, 1866: 249
Eurymedusa Kinberg, 1866: 249.
Chaetosyllis Malmgren, 1867: 162.
Typosyllis Langerhans, 1879: 528.
Ehlersia Quatrefages, 1865: 104.
Langerhansia Czerniavsky, 1881: 395.
Reductotyposyllis Hartmann-Schröder, 1974: 123.
Type species: Syllis monilaris Savigny in Lamarck, 1818: 317.
Type material examined. Eurymedusa picta. NEW SOUTH WALES. Port Jackson, 33°54'S, 151°11’E, 1866, 
coll. Kinberg, syntype (SMNH 6864).
Diagnosis. Body sub-cylindrical. Palps basally fused. Distinctly annulate antennae and tentacular, anal, and 
dorsal cirri. Pharynx with a single tooth, located on anterior rim or slightly posteriorly, margin of pharynx with 
crown of soft papillae. Compound falcigerous chaetae, sometimes with pseudospinigers in some parts of body, 
thick pseudo-simple chaetae produced by blade-loss and shaft-enlargement or by shaft and blade fusion, only 
partial fusion in some species. Dorsal and ventral simple chaetae present. Reproduction by scissiparous 
schizogamy (one single stolon at a time). For further information see San Martín (1992, 2003).
Remarks. We herein include the genus Eurymedusa in the list of synonymies, which was considered by 
Hartman (1959) to be synonymous with Trypanosyllis Claparède, 1864, and to Odontosyllis Claparède, 1863, 
although San Martín & Hutchings (2006) questioned the approach. We have examined Kinberg’s type material of 
Eurymedusa picta (SMNH 6864) collected in Australia, confirming that it is in fact a species belonging to Syllis. 
Syllis broomensis Hartmann–Schröder, 1979 n. comb.
Figures 1, 2
Typosyllis (Langerhansia) broomensis Hartmann-Schröder, 1979: 88, Figs 50–56; 1984: 18; 1989: 23; 1990: 48; 1991: 32.  
Typosyllis broomensis. Licher 1999: 70, Fig. 32. 
Typosyllis (Langerhansia) cervantensis Hartmann-Schröder, 1981, through synonymy by Licher 1999: 70.
Material examined. Type specimens. Typosyllis (Langerhansia) broomensis. WESTERN AUSTRALIA. 
Broome, fine sand with detritus, intertidal, 8 Sept 1975, coll. Hartmann-Schröder, 2 paratypes (HZM P-15465).
Non-type specimens. AUSTRALIA. QUEENSLAND. Lizard Island, High Rock, 14°49'34"S, 145°33'08"E, 
sand, 20 m depth, 11 Sept 2010, CReefs Lizard Island Expedition, 1 specimen (AM W41705). Calliope River, 
23°49'S, 151°13'E, 1974, 1 specimen mounted for SEM (AM W42547.001). WESTERN AUSTRALIA. Cassini 
Island, 13°57'22"S, 125°37'23"E, fore-reef slope, coral rubble, 11 m depth, 15 Oct 2010, Woodside Kimberley 
Survey 2010, 1 specimen (AM W42539). Southeast end of Long Island, Goss Passage, 28°28'48"S, 113°46'30"E, 
dead coral embedded in calcareous substrate, 30 m depth, 22 May 1994, 1 specimen (AM W46277). Exmouth 
Gulf, beach at north end of Bundegi Reef, 21°49'S, 114°11'E, rocky rubble, coralline algae with green epiphyte, 1–
2 m depth, 4 Jan 1984, 2 specimens (AM W46281). ÁLVAREZ-CAMPOS ET AL.302  ·  Zootaxa 4052 (2)  © 2015 Magnolia Press
PHILIPPINES. LUZON ISLAND. “Sepok Wall”, between Balayan Bay and Batangas Bay, 13º41'02"N, 
120º53'45"E, coral rubble, 6–13 m depth, 10 Dec 2010, 1 specimen (MNCN 16.01/16868). NEW ZEALAND. 
Kermadec Islands, Raoul Island, Kermadec Biodiscovery Expedition, 2011: “Fishing Rock” landing, 29°15'03"S, 
177°54'12"W, under boulders in rockpools, algal turf, 1 m depth, 18 May 2011, 5 specimens (AM W42559); 
“Fishing Rock” 29°15'03"S, 177°54'12"W, under boulders in rockpools, some loose rocks and coral cover in pool, 
1 m depth, 18 May 2011, 5 specimens (AM W42560; South side of Te Konui Point, 29°18'32"S, 177°53'45"W, 
base of boulders with coarse sand and gravel, tufting algae, 21 m depth, 14 May 2011, 2 specimens (AM W42561).
Morphologically similar species. Syllis garciai (Campoy, 1982). SPAIN. Almería, Playa de los Genoveses, 
Cabo de Gata, 4 m depth, Nov 1986, 1 specimen (MNCN 16.01/6998). Syllis yallingupensis (Hartmann-Schröder, 
1982), 9 Jul 1993, BANGAWW NT316, 2 specimens (AM W29546).
Description. Longest complete specimen examined 5 mm long, 0.25 mm wide, with 50 segments. Slender 
elongated body, lacking colour patterns. Oval prostomium, with two pairs of red eyes in open trapezoidal 
arrangement, anterior ones slightly larger than posterior ones (Fig. 1A), and 2 anterior eyespots. Median antenna 
inserted near posterior margin of prostomium, between posterior eyes, longer than the combined length of 
prostomium and palps, with 19–23 articles (Figs 1A, 2A–B); lateral antennae distinctly shorter, inserted close to 
anterior margin of prostomium, with 17–19 articles (Figs 1A, 2A–B). Triangular palps, longer than prostomium, 
fused at base, with distinct median groove. Nuchal organs forming a ciliary groove between prostomium and 
peristomium (Fig. 2B). Peristomium slightly shorter than subsequent segments. Dorsal tentacular cirri longer than 
antennae, with 24–26 articles, ventral ones shorter, with 10–12 articles (Figs 1A, 2A). Dorsal cirri of anteriormost 
segments with 22–24 articles. Dorsal cirri of midbody and posterior chaetigers alternating long (11–21 articles) and 
short (9–11 articles) (Figs 1A, 2A). Digitiform, elongated ventral cirri, inserted proximally and reaching distal end 
of parapodia. Anterior and midbody parapodia with about nine heterogomph falciger chaetae, posterior parapodia 
with four to five chaetae. Parapodia throughout with one to three dorsal pseudospiniger chaetae, unidentate, with 
long and thin spines on margin; blades about 84 µm long on anterior and midbody parapodia and 104 µm long on 
posterior ones (Figs 1C, E, 2C, E, G). Remaining compound chaetae shorter, with bidentate blades, both teeth 
similar, and long, fine, slightly curved spines on margin, reaching level of proximal tooth; blades and shafts of 
posterior chaetae shorter and wider than those from anterior and midbody parapodia, with shorter spines on cutting 
edge (Figs 1D, F, 2D, F, G). Thick, smooth, distally bidentate dorsal simple chaetae on posterior parapodia only 
(Fig. 1I). Ventral simple chaetae not seen. Anterior parapodia each with 4–5 aciculae, distally straight or slightly 
curved (Fig. 1G); midbody parapodia with two aciculae each, one straight, slightly  curved and other acuminate, 
distally pointed (Fig. 1H); each posterior parapodium with single, acuminate, distally pointed acicula (Fig. 1J). 
Pharynx through 6–8 segments; pharyngeal tooth on anterior margin (Fig. 1A). Proventricle extending through 7–8 
segments, with about 30 rows of muscle cells (Fig. 1A). Pygidium conical with two short anal cirri and median 
stylus.
Remarks. The AM specimens seemed to be juveniles, but their morphology agree with the examined 
paratypes (HZM P-15465) and with Licher’s (1999) re-description, except for the smaller size, the pseudospiniger 
chaetae that are slightly shorter on anterior parapodia, and the smaller number of aciculae per parapodium; the 
proventricle of one of the paratypes was also larger (through 10 segments) than those of our specimens. The 
specimens collected in the Philippines also agreed with the type material, except for the length of the dorsal cirri 
being shorter in the former, with 17–18 articles. All the differences found in our specimens could indicate 
intraspecific variability depending on the ontogenetic stage of the specimens, or it could also mean that they are 
different, geographically distant species. The most similar species in terms of morphology to S. broomensis n. 
comb. is the Mediterranean S. garciai (Campoy, 1982) and the Australian S. yallingupensis (Hartmann-Schröder, 
1982). The former only differs in the presence of a ventral simple chaetae on posterior parapodia and the latter in 
the length of dorsal blades (shorter than those from S. broomensis n. comb.), the number and shape of aciculate (see 
Licher 1999 for comparison) and the absence of dorsal simple chaetae in posterior parapodia.  
Habitat. Mainly in coral rubble, coarse sand and algae.
Distribution. Australia (Queensland, Western Australia, New South Wales), the Philippines, New Zealand 
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FIGURE 1. Syllis broomensis (Hartmann-Schröder, 1979) n. comb. (AM W46281). A, anterior end, dorsal view. B, long and 
short dorsal cirri, midbody segments. C, pseudospiniger chaeta, anterior parapodium. D, falciger chaetae, anterior parapodium; 
E, pseudospiniger chaeta, midbody-posterior parapodium. F, falciger chaetae, midbody-posterior parapodium. G, aciculae, 
anterior parapodium. H, aciculae, midbody parapodium. I, dorsal simple chaeta. J, acicula, posterior parapodium. Scale: A–B, 
0.2 mm; C–J, 20 µm.ÁLVAREZ-CAMPOS ET AL.304  ·  Zootaxa 4052 (2)  © 2015 Magnolia Press
FIGURE 2. Syllis broomensis (Hartmann-Schröder, 1979) n. comb. Scanning Electron Micrographs (AM W42547). A, 
anterior end, dorsal view. B, prostomium, dorsal view. C, compound chaetae, anterior parapodium; D, falciger chaetae, anterior 
parapodium. E, compound chaetae, mid-posterior parapodium. F, falciger chaetae, mid-posterior parapodium. G, compound 
chaetae, posterior parapodium. Zootaxa 4052 (2)  © 2015 Magnolia Press  ·  305THE GENUS SYLLIS (ANNELIDA, SYLLIDAE) FROM AUSTRALIA
Syllis crassicirrata (Treadwell, 1925) n. comb.
Figures 3, 4
Typosyllis crassi-cirrata Treadwell, 1925: 113, Fig. 10A–C.
Typosyllis crassicirrata —Hartman 1966: 198; Licher 1999: 196, Fig. 85. 
Typosyllis (Typosyllis) crassicirrata —Hartmann-Schröder, 1979: 90, Figs 62–66; 1980: 49; 1981: 25; 1987: 33; 1989: 20; 
1992: 53.  
Non Typosyllis magnapalpa Hartmann-Schröder, 1978 (contra Licher 1999). 
Typosyllis (Typosyllis) krohni non Ehlers, 1864 —Hartmann-Schröder, 1991: 28–29 (in part only).
Material examined. Non-type specimens. AUSTRALIA. QUEENSLAND. Lizard Island, CReefs Expedition: 
Yonge Reef, 14°34'40"S, 145°37'E, 8 m depth, 10 Sept 2010, 1 specimen  (AM W41236); Turtle Beach, 
14°39'09"S, 145°27'03"E, coral rubble, 9.5 m depth, 7 Sept 2010, 3 specimens (AM W41709); MacGillivray Reef, 
14°39'23"S, 145°29'31"E, coral rubble, 22 m depth, 29 Aug 2010, 1 specimen (AM W41710); Watsons Bay, 
14°39'26"S, 145°27'03"E, coral rubble, 4.5 m depth, 28 Aug 2010, 2 specimens (AM W41711); Coconut Beach 
reef platform, 14°41'03"S, 145°28'E, coral rubble, intertidal, 25 Aug 2010, 2 specimens (AM W41712). Heron 
Island, CReefs Expedition: “Twin Peaks”, outer fore-reef, 23°28.341'S 151°57.028'E, 2 m depth, 13 Nov 2009, 2 
specimens (one mounted for SEM) (AM W46276). NEW SOUTH WALES. Esmeralda Cove, Broughton Island, 
32°37'12"S, 152°19'E, kelp holdfast, 11 May 1978, 2 specimens (AM W46279). Off Coffs Harbour, 50 m west of 
Split Solitary Island, 30°14'S, 153°10'48"E, sponges and ascidians on rocks, 15–17 m depth, 7 Mar 1992, 1 
specimen (AM W46285). East of Burrill Rocks, surface of sponges, 18–19 m depth, 1 May 1997, 3 specimens 
(AM W46282). VICTORIA. Port Phillip Bay, under Half Moon Pier, 38°06'11"S, 144°26'15"E, rock covered with 
epibionts, 1 m depth, 9 Feb 2010, 1 specimen (AM W42514). WESTERN AUSTRALIA. Woodside Kimberley 
Survey: Cassini Island, mid-littoral reef platform, 13°56'01"S, 125°37'09"E, 25 Oct 2010, 1 specimen (AM 
W42513); Montgomery Reef, mid-littoral fore-reef ramp, 15°52'35"S, 124°19'48"E, intertidal, 20 Oct 2009, 2 
specimens (AM W42517); same locality, mid-littoral channel ramp, 15°57'35"S, 124°16'09"E, coral rubble, 22 Oct 
2009, 2 specimens (AM W42524); same locality, mid-littoral fore-reef ramp, 15°53'54"S, 124°10'54"E, intertidal, 
21 Oct 2009, 1 specimen (AM W42525). Cape Range National Park, inshore limestone reef off Ned’s Camp, 
21°59'S, 113°55'E, Caulerpa sp., 1 m depth, 2 Jan 1984, 1 specimen (AM W46278); same locality, intertidal, 
Caulerpa sp. 1 specimen (AM W46284). NEW ZEALAND. NORTH ISLAND. Cavalli Islands, Rainbow Warrior 
wreck, 36° 50′ 32.66″ S, 174° 46′ 17.68″ E, Aglaophenia sp. hydrozoans, 25 m depth, 1 Feb 2012, 1 specimen 
(MNCN 16.01/16869).
Additional specimens. Typosyllis (Typosyllis) crassicirrata. WESTERN AUSTRALIA. Broome, coll. and id. 
G. Hartmann-Schröder, 1 specimen (HZM P–1662).
Morphologically similar species. Typosyllis (Typosyllis) magnapalpa,  HAWAII. Maui, Paiia, algae with 
Enteromorpha, Mytilus and detritus, 19 May 1959, Holotype (HZM P–14471). Syllis variegata. SPAIN, NW 
Mallorca Island, 39º45'80"N, 02º33'51"E, 74–72 m depth, 25 Jun 1994, 1 specimen (MNCN 16.01/8440); Galicia, 
O’ Grove, 42°29'43"N 8°51’51”W, 1 specimen (MNCN/ADN 9619). Typosyllis (Typosyllis) krohni. AUSTRALIA. 
QUEENSLAND. Heron Island, North Reef, coralline sand, 4 Feb 1976, coll. and id. G. Hartmann-Schröder, 13 
specimens (HZM P-21006).
Description. Longest complete examined specimen 8 mm long, 0.45 mm wide, with 72 segments, one stolon 
attached, with 28 segments (Figs 3A, 4A). Large, robust body, some specimens dark and others yellowish, with 3–
4 red-brown dorsal stripes on each segment, and some irregular spots on prostomium and appendages (Fig. 4A–B). 
Oval prostomium with two pairs of reddish eyes in trapezoidal arrangement, anterior ones slightly larger than 
posterior ones (Fig. 3A). Median antenna inserted in the middle of prostomium, between posterior pair of eyes, 
longer than combined length of prostomium and palps, with 20–22 articles; lateral antennae slightly shorter, 
inserted on anterior margin of prostomium, with 15–17 articles (Figs 3A, 4B–C). Triangular palps, longer than 
prostomium, fused at base, with distinct median groove (Fig. 4C). Two ciliary bands on lateral anterior edges of 
peristomium (Fig. 4D). Peristomium slightly shorter than subsequent segments, usually covering posterior part of 
prostomium (Figs 3A, 4B–C). Dorsal tentacular cirri longer than antennae, with 25–27 articles, ventral ones 
shorter, with 16–18 articles. Dorsal cirri of anterior segments distinctly thick, usually coiled over dorsum, covering 
prostomium and anterior segments (Figs 3A, 4A–C), with 30–35 articles. Midbody and posterior dorsal cirri 
shorter  and  thinner  than  anterior  ones,  with  about 20–24 articles. Digitiform ventral cirri, inserted proximally,ÁLVAREZ-CAMPOS ET AL.306  ·  Zootaxa 4052 (2)  © 2015 Magnolia Press
FIGURE 3. Syllis crassicirrata (Treadwell, 1925) n. comb. (AM W46279). A, anterior end, dorsal view. B, falciger chaetae, 
anterior parapodium. C, falciger chaetae, midbody. D, falciger chaetae, posterior parapodium. E, dorsal simple chaeta. F, 
ventral simple chaeta. G, aciculae, anterior parapodium. H, aciculae, midbody parapodium. I, acicula, posterior parapodium. 
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FIGURE 4. Syllis crassicirrata (Treadwell, 1925) n. comb. (AM W46276). A, Complete specimen, lateral view. B, 
prostomium, dorsal view. Scanning Electron micrographs: C, prostomium, dorsal view. D, nuchal organs and detail of 
peristomium. E, falciger chaetae, anterior parapodium. F, falciger chaetae, midbody parapodium. G, dorsalmost falciger 
chaetae, posterior parapodium. H, ventralmost falciger chaetae, posterior parapodium.ÁLVAREZ-CAMPOS ET AL.308  ·  Zootaxa 4052 (2)  © 2015 Magnolia Press
reaching distal end of parapodia (Fig. 4A). Anterior parapodia with 12–14 heterogomph falciger chaetae each, 
blades dorsoventrally decreasing in length (44–26 µm); bidentate blades, with similar teeth, short spines on margin; 
shafts with few distal spines (Figs 3B, 4E). Seven to nine heterogomph falciger chaetae on midbody parapodia, 
similar to those of anterior ones, but with less marked dorsoventral gradation in length of blades (35–27 µm); 
bidentate blades with distal tooth slightly larger than proximal one, and long spines on margin (Figs 3C, 4F). 
Posterior parapodia with 6–8 heterogomph falciger chaetae, blades strongly bidentate, with short spines on margin; 
shafts smooth, with an enlarged spur, more marked on ventral chaetae. Dorsoventral gradation in length of blades 
less evident (28–20 µm) (Figs 3D, 4G–H). Dorsal and ventral simple chaetae on posterior parapodia only, 
bidentate, with short distal spines (Fig. 3E–F). Anterior parapodia with about 6 aciculae each, three pointed, two 
distally blunt and one distally curved at tip (Fig. 3G); midbody parapodia with two distally pointed aciculae each, 
one protruding from parapodial lobes (Fig. 3H); posterior segments with one blunt, slightly acuminate acicula per 
parapodium (Fig. 3I). Pharynx similar in length or shorter than proventricle, through 12 segments; conical tooth on 
anterior margin (Fig. 3A). Proventricle extending through 15 segments, with about 39 rows of muscle cells (Fig. 
3A). Pygidium conical with two anal cirri and a short median stylus.
Reproduction. Scissiparity.  Non mature stolon attached to the stock, white pale in colour with three brown 
lines on each segment not reaching the parapodia, the first one much more marked than the other two, 3.3 mm long, 
0.5 mm wide with 28 segments (Fig. 4A).
Remarks. The morphology of the specimens agreed with previously published descriptions, except for the 
spinulation in the midbody chaetae that was not mentioned in Licher’s (1999) redescription. The species is 
characterized by its large and robust body (up to 17.2 mm long, with 115 chaetigers, following Licher 1999), its 
remarkable colouration in well-preserved specimens, the thick anterior cirri, and the protruding and thick aciculae 
in the midbody parapodia. The AM specimens only differ from those collected in New Zealand in their colouration 
since the latter present black stripes instead of the red-brown ones of the Australian material. Syllis variegata
Grube, 1860 is the most similar species morphologically, but it has a narrower body, with fewer aciculae in the 
anterior parapodia and without the spurs on the shafts of posterior chaetae (Fig. 3D). After examining the holotype 
of S. magnapalpa, we concluded that the synonymy with S. crassicirrata (Licher 1999) is not valid, since the 
chaetae of the former are almost unidentate, instead of distinctly bidentate as in the latter. Furthermore, we also 
conclude that one of the specimens identified as Typosyllis (Typosyllis) krohni by Hartmann-Schroder (1991) from 
Heron Island, belongs in fact to S. crassicirrata n. comb. and the specimen identified as S. variegata by Aguado et 
al. (2012) from Galicia (Spain) belongs to S. compacta Gravier, 1900.
Habitat. Algae, coarse sediment.
Distribution. Hawaii, Polynesia, New Zealand, Australia (Queensland, New South Wales, Western Australia, 
Victoria). 
Syllis cruzi Núñez & San Martín, 1991
Figures 5, 6
Syllis cruzi Núñez & San Martín, 1991: 238, Fig. 2. San Martín 2003: 397, Figs 217, 218. 
Typosyllis cruzi.—Licher 1999: 169, Fig. 75.
Material examined. Type specimens. SPAIN. Tenerife. Agua Dulce, 28º11'22"N, 16º25'34"W Corticium 
camdelabrum sponge, 5 m depth, 1991, Holotype (TFMC AN 0180);  Candelaria, 28º21'20"N, 16º22'18"W 
Dendrophyllia ramea, 115 m depth, 1991, 1 paratype (TFMC AN 0187); Barranco Hondo, 28º23'54"N, 
16º21'27"W Dendrophyllia ramea, 113 m depth, 1991, 1 paratype (TFMC AN 0188). 
Non-type specimens. SPAIN. COLUMBRETES ISLANDS. North of Columbrete Grande, 29º54’02"N, 
00º41’15"E, 47 m depth, coll. Fauna Ibérica III (1994), 12 Jul 1994, 1 specimen (MNCN 16.01/6744). 
BALEARES ISLANDS. Mallorca Island, Punta de La Foradada, 39º45'80"N, 02º33'51"E, 74 m, 1 specimen 
(MNCN 16.01/6745). AUSTRALIA. QUEENSLAND. Lizard Island, MacGillivray Reef, 14°38'52"S, 
145°29'12"E, coral rubble and coarse sand, 14 m depth, 31 Aug 2010, CReefs Lizard Island Expedition 2010, 1 
specimen mounted for SEM (AM W41692.001). WESTERN AUSTRALIA. Woodside Kimberley Survey, 2009: 
Adele Island, Montgomery Reef, 15°33'28"S, 123°08'02"E, 12.5 m depth, 18 Oct 2009, 1 specimen (AM W41665). 
Woodside Kimberley Survey 2010: Cassini Island, lower mid-littoral reef platform, 13°57'06"S, 125°37'27"E, 3 m  Zootaxa 4052 (2)  © 2015 Magnolia Press  ·  309THE GENUS SYLLIS (ANNELIDA, SYLLIDAE) FROM AUSTRALIA
depth, 18 Oct 2010, 1 specimen (AM W42527). Goss Passage, Beacon Island, 28°25'S, 113°47'E, dead plates of 
Acropora sp. covered with algae, 8 m depth, 22 May 1994, 1 specimen (AM W46280). PHILIPPINES. PALAWAN 
ISLAND. “Twin Rocks”, El Nido, 11º17'50"N, 119º19'06"E, coral rubble, 3–17 m depth, 17 Dec 2010, 1 specimen 
(MCZ 25423).
FIGURE 5. Syllis cruzi Núñez & San Martín, 1991 (AM W46280). A, anterior end, dorsal view (juvenile specimen). B, 
falciger chaetae, anterior parapodium. C, falciger chaetae, posterior parapodium. D, dorsal simple chaeta. E, ventral simple 
chaeta. F, aciculae, anterior parapodium. G, acicula, posterior parapodium. Scale: A, 0.1 mm; B–G, 20 µm.ÁLVAREZ-CAMPOS ET AL.310  ·  Zootaxa 4052 (2)  © 2015 Magnolia Press
FIGURE 6. Syllis cruzi Núñez & San Martín, 1991 (AM W41692). A, anterior end, dorsal view. B, prostomium, dorsal view. 
Scanning Electron micrographs: C, prostomium, dorsal view. D, falciger chaetae, anterior parapodium. E, falciger chaeta, 
midbody parapodium. F, falciger chaetae, posterior parapodium. 
Morphologically similar species. Syllis yallingupensis (Hartmann-Schröder, 1982), Australia, Northern 
Territory, Darwin Harbour, Bangalow, 12°27'18"S, 130°46’00”E, intertidal sand, 9 Jul 1993, 3 specimens (AM 
W29546).
Description. Longest complete specimen 9.5 mm long, 0.8 mm wide, with 53 segments. Smaller specimens 
slender (Fig. 5A), larger specimens robust (Fig. 6A). Usually lacking colouration, but one specimen with a thin,  Zootaxa 4052 (2)  © 2015 Magnolia Press  ·  311THE GENUS SYLLIS (ANNELIDA, SYLLIDAE) FROM AUSTRALIA
brown-reddish dorsal line on some anterior body segments. Oval prostomium with two pairs of red eyes in 
trapezoidal arrangement, and sometimes a pair of anterior eyespots (Figs 5A, 6A–B). Median antenna inserted in 
the middle of prostomium, between posterior eyes, longer than combined length of prostomium and palps, with 18–
20 articles, fewer articles in small specimens (Figs 5A, 6A–B); lateral antennae inserted in front of anterior eyes, 
with 14–15 articles (Figs 5A, 6A–B). Triangular palps, slightly longer than prostomium (Fig. 5A). Nuchal organs 
as two cilliary bands between prostomium and peristomium (Figs 5A, 6C). Peristomium slightly shorter than 
subsequent segments (Figs 5A, 6B). Dorsal tentacular cirri with 16–17 articles, ventral ones shorter, with 10–12 
articles (Figs 5A, 6A–C). Dorsal cirri long (Fig. 6A–B), with 25–27 articles (shorter in juvenile specimens, Fig. 
5A), alternating long and short cirri in midbody and posterior segments. Anterior parapodia each with 8–9 
heterogomph falciger chaetae (Figs 5B, 6D); bidentate blades, both teeth similar, or proximal tooth slightly larger 
than distal one, short spines on margin; one or two distal spines longer, reaching proximal tooth (Figs 5B, 6D); 
shafts with few and short distal spines (Figs 5B, 6D). Midbody and posterior parapodia each with 5–7 heterogomph 
falciger chaetae, with shorter blades than those in anterior chaetigers, proximal tooth slightly larger than distal one 
(Figs 5C, 6E–F); one or two distal marginal spines longer than remaining, reaching proximal tooth; shafts of 
ventral chaetae slightly wider that of dorsal ones, with few distal spines on margin (Fig. 6F). Dorsoventral 
gradation in length of blades throughout, more obvious on anterior parapodia (28 µm long dorsally, 13 µm 
ventrally) than on midbody and posterior ones (20 µm long dorsally, 17 µm ventrally). Dorsal simple chaetae on 
posterior parapodia only, unidentate in large specimens (bifid to bidentate in small specimens, Fig. 5D). Ventral 
simple chaetae on posteriormost parapodia only, thick, smooth on margin, strongly bidentate, with proximal tooth 
similar or slightly larger than distal tooth (Fig. 5E). Anterior parapodia with 3 aciculae each (2 in juveniles, Fig. 
5F), two straight and one distally knobbed, decreasing in number to only one acuminate, distally pointed acicula on 
posterior parapodia (Fig. 5G). Pharynx and proventricle similar in length; pharynx extending through 12 segments 
(8 in juveniles); pharyngeal tooth located on anterior margin (Fig. 5A). Proventricle through 10 segments (3–4 
segments in juveniles), with about 57 rows of muscle cells (Fig. 5A). Pygidium small, with two long anal cirri and 
small stylus.
Remarks. The morphology of the juvenile specimens examined agreed with the types from the Canary Islands 
and the Western Mediterranean Sea (which were also small specimens), except for the lack of the bidentate dorsal 
simple chaetae. However, the larger specimens illustrated by San Martín (2003, Fig. 218) presented a unidentate 
dorsal simple chaeta as in larger Australian specimens. No previous descriptions mention any colour pattern, but in 
one Australian specimen we have seen very light, brown-reddish thin stripes on anterior segments. The absence of 
colouration may be due to an inadequate preservation method, since some authors also pointed out the colouration 
in living specimens (Aguado et al. 2008). Aguado et al. (2008) described the species as Syllis cf. cruzi since it also 
presented some glands on lateral and posterior segments that were not present in the Mediterranean or Australian 
specimens. However, Aguado et al. (2008) only found one specimen of Syllis cf. cruzi, and a larger number of 
specimens should be compared in order to confirm that they are the same species. The material collected in the 
Philippines only differs from the Australian one in the dorsoventral gradation in length of the blades, which is 
similar in all parapodia. Once again, we could be facing another case of cryptic speciation, which might be solved 
using a molecular approach. The most morphologically similar species to S. cruzi is Syllis yallingupensis, 
especially in regard to the shape of the falciger chaetae, but the latter presents long pseudospiniger chaetae, that are 
absent in S. cruzi. 
Habitat. Sponges, deep-corals communities, coral rubble and coarse sand; from shallow waters to about 115 
m.
Distribution. Canary Islands, Mediterranean Sea, Philippines, Indonesia, Australia (Queensland, Western 
Australia). 
Syllis edensis Hartmann-Schröder, 1989 n. comb.
Figures 7, 8
Typosyllis (Typosyllis) edensis Hartmann-Schröder, 1989: 22, Figs 20–23; 1990: 46.
Typosyllis edensis.—Licher 1999: 147, Fig. 65.
Material examined. Type specimens. Typosyllis (Typosyllis) edensis. AUSTRALIA. NEW SOUTH WALES. 
Eden, Quarantine Bay, algae on rocks, intertidal, 2 Jan 1976, 2 paratypes (ZMH P-19664).ÁLVAREZ-CAMPOS ET AL.312  ·  Zootaxa 4052 (2)  © 2015 Magnolia Press
Non-type specimens. AUSTRALIA. NEW SOUTH WALES. Maclean, 29°27'S, 153°12'E, 18 Jan 1976, coll. 
& id. G. Hartmann-Schröder, 5 specimens (HMZ P-20173). North Kianinny Gutter, Tathra, 36°44'04"S, 
149°59'12"E, alga Pterocladia lucida, 5 m depth, 12 Feb 2003, 1 specimen mounted for SEM (AM W42546.001). 
Newport Beach, 33°39'S, 151°19'E, intertidal, Corallina sp. in rock pools, 22 Jul 2005, 1 specimen (AM W46288). 
Boat Harbour, south of Port Stephens, 32°46'S, 152°06'E, 1–2 m depth, from Galeolaria sp. tubes, 14 Mar 2006, 1 
specimen (AM W46286). 
FIGURE 7. Syllis edensis (Hartmann-Schröder, 1989) n. comb. (AM W41625). A, anterior end, dorsal view. B, 
pseudospiniger chaeta, midbody. C, falciger chaetae, midbody parapodium. D, dorsal simple chaeta, posterior parapodium. E, 
acicula, posterior parapodium. Scale: A, 0.1 mm; B–E, 20 µm. Zootaxa 4052 (2)  © 2015 Magnolia Press  ·  313THE GENUS SYLLIS (ANNELIDA, SYLLIDAE) FROM AUSTRALIA
FIGURE 8. Syllis edensis (Hartmann-Schröder, 1989) n. comb. (AM W42546). A, anterior end, dorsal view. Scanning 
Electron Micrographs: B, anterior end, dorsal view; C, nuchal organs; D, detail of band of pores on midline of peristomium. E, 
pharynx with crown of papillae, ventral view. F, compound chaetae, anterior parapodium; G, compound chaetae, midbody 
parapodium; H, compound chaetae, posterior parapodium; I, dorsal simple chaeta and falcigers, posterior parapodium.ÁLVAREZ-CAMPOS ET AL.314  ·  Zootaxa 4052 (2)  © 2015 Magnolia Press
Morphologicaly similar species. Syllis truncata Haswell, 1920. PHILIPPINES, Maricaban Island, Tingloy, 
Sepok Point, 13°38'56"N, 120°56'35"E, coral rubble, 9 m depth, 15 May 2011, Hearst Philippine Biodiversity 
Expedition, 2009, 1 specimen (CASIZ 187002). Syllis gerlachi (Hartmann-Schröder, 1960). SPAIN. Cabo de Gata, 
Almería, 36°46'N, 2°14'E, Posidonia oceanica rizomes, 2 m depth, 26 Mar 1986, 1 specimen (MNCN 16.01/8406). 
Syllis pulvinata (Langerhans, 1881). SPAIN. Denia, Valencia, 38°50'N, 6°24'E, 26 Nov 1997, 6 specimens (16.01/
8838). Syllis rosea (Langerhans, 1879). SPAIN. Cabrera Island, 39°09'N, 2°56'E, 1 Jul 1979, 1 specimen (MNCN 
16.01/7027).
Description. Longest complete examined specimen 13 mm long, 0.3 mm wide, with 88 segments. Body 
elongated, slender, without colour pattern (Figs 7A, 8A–B). Prostomium wider than long, with two pairs of red 
eyes in trapezoidal arrangement (Figs 7A, 8A–B). Median antenna inserted on middle of prostomium, longer than 
combined length of prostomium and palps, with 15–17 articles; lateral antennae shorter, inserted on anterior margin 
of prostomium, with 12–13 articles (Figs 7A, 8B). Triangular palps longer than prostomium. Nuchal organs as two 
ciliary bands between prostomium and peristomium (Fig. 8C). Peristomium slightly shorter than subsequent 
segments (Figs 7A, 8B), with a minute band of pores on the midline (Fig. 8D). Dorsal tentacular cirri longer than 
antennae, with 15 articles, ventral ones shorter, with 10 articles. Dorsal cirri, alternating long (about 20 articles) 
and short (14–15 articles) on midbody and posterior segments (Figs 7A, 8B). All chaetigers with morphologically 
similar heterogomph falciger chaetae, with 1–2 pseudospiniger chaetae with bidentate blades, distal tooth slightly 
larger than proximal one, distally blunt spines on margin (Figs 7B–C, 8F–I). Five to six chaetae on anterior and 
midbody parapodia and 3–4 on posterior ones with distinctly shorter blades, bidentate, short spines on margin; 
blades of chaetae throughout with dorsoventral gradation in length (75–50 µm on anterior chaetigers, 22–11 µm on 
midbody and posterior ones) (Figs 7B–C, 8F–H). Posteriormost chaetae shorter and wider than anterior ones (Fig. 
8H–I). Dorsal simple chaetae on posterior parapodia only, distally truncate, with few spines on margin (Figs 7D, 
8I). Ventral simple chaetae not seen. Anterior parapodia with two aciculae each, one distally blunt and one distally 
curved; posterior segments with only one distally curved in right angle acicula per parapodium (Fig. 7E). Pharynx 
longer than proventricle, through 12–14 segments; pharyngeal tooth on anterior margin, margin surrounded by 
crown of 11 soft papillae (Figs 7A, 8E). Proventricle extending for 4–6 segments, with about 22 rows of muscle 
cells (Figs 7A, 8A).
Reproduction. According to Hartmann-Schröder (1989) this species develops cephalous stolons with two 
pairs of eyes and lateral articulated antennae. 
Remarks. The most similar species to Syllis edensis n. comb. are Syllis truncata Haswell, 1920, S. rosea 
(Langerhans, 1879), S. pulvinata (Langerhans, 1881) and S. gerlachi (Hartmann-Schröder, 1960). All of them 
share the same type of stolon and the morphology of the dorsal simple chaetae and of the aciculae, but they differ in 
the length of the blades, that are shorter than those of S. edensis n. comb. (see Licher 1999, San Martín 2003). The 
type material of S. edensis n. comb. also has a longer proventricle (through 8 segments, according to Hartmann-
Schröder 1989) than our specimens (4–6 segments), but this difference can be explained by the larger size of the 
type specimens and the degree of contraction after preservation, since all other characters coincided with those in 
the other material. 
Habitat. Algae, Galeolaria spp. tubes.
Distribution. Australia (New South Wales).
Syllis gracilis Grube, 1840
Figures 9A, B, F1, F2, 10A–E
Syllis gracilis Grube 1840: 77. Langerhans 1879: 540, figs. 8a–c. Fauvel 1923: 259, figs. 96 f–i. Campoy 1982: 368, pl. 31, 
figs. a–l. Hartmann-Schröder 1996: 150, fig. 65 a–d.
Syllis (Syllis) gracilis Day 1967: 241, fig. 12.I.m–p. Ben-Eliahu 1977: 7.
Material examined. Non-type specimens. AUSTRALIA. QUEENSLAND. Lizard Island, MacGillivray Reef, 
14°38'52"S, 145°29'12"E, 10 m depth, 31 Aug 2010, 1 specimen (AM W41691); Lizard Island, south of Mermaid 
Cove, 14°38'53"S, 145°27'00"E, 14.5 m depth, 1 Sep 2010, 1 specimen (AM W41701); South of Smoky Cape, 
Black Rocks, 30°56'59"S, 153°04'29"E, reef rock encrusted with red and green algal turf, 10.3 m depth, 10 Feb 
2002, 1 specimen mounted for SEM (AM W33281.001); Cassini Island, fore-reef slope, 13°56'59"S, 125°37'15"E,  Zootaxa 4052 (2)  © 2015 Magnolia Press  ·  315THE GENUS SYLLIS (ANNELIDA, SYLLIDAE) FROM AUSTRALIA
11 m depth, 17 Oct 2010, 1 specimen mounted for SEM (AM W41619.001). WESTERN AUSTRALIA. Cassini 
Island, fore-reef slope, 13°56’01”S, 125°37’09”E, hard coals, encrusting soft corals and hydroids, 12 m depth, 16 
Oct 2010, 1 specimen (AM W41533); Ningaloo Reef, 22°45'24"S, 113°39'00"E, epifauna under rock, 15 m depth, 
17 May 2009, 1 specimen (AM W41633). MEDITERRANEAN SEA. Spain, Málaga, Nerja, 36°44’28.85’’N 
3°52’47.15’’W, Dec. 1982-Aug. 1983, id. San Martín, 2003, several specimens (MNCN 16.01/ 8927, 8928, 8936, 
8938, 8948).
Morphologically similar species. Syllis ypsiloides Aguado, San Martín & Ten Hove, 2008. Indonesia, NE 
coast of Sumba, 09°57'S 120°48'E, sandy bottom, sponges and gorgonians, 50 m, 1.2 m Agassiz trawl, Snellius II, 
Sta. 4.068, 16 Sept. 1984, 1 paratype mounted for SEM (ZMA V.Pol. 5266). Syllis picta n. comb. (see material 
studied below). 
FIGURE 9. Syllis gracilis Grube 1840. A, anterior end, dorsal view. B, midbody segments, dorsal view. Syllis picta (Kinberg, 
1866) n. comb. C, anterior end, dorsal view. D, midbody segments, dorsal view. E, posterior segments, dorsal view. F(1), S. 
gracilis mid-posterior parapodium. (2) mid-posterior ypsiloid chaetae. (3), S. picta midbody parapodium. (4) Midbody ypsiloid 
chaetae and two falciger chaetae.
Description. Longest examined specimen incomplete, 20 mm long, 0.6 mm wide, with 66 chaetigers. Body 
robust, anterior segments pigmented with two thin black lines (Fig. 9A). Prostomium oval, wider than long, with 
two pairs of red eyes in trapezoidal arrangement (Figs 9A, 10A). Median antenna inserted on middle of 
prostomium, between anterior pair of eyes, with 15–16 articles (Figs 9A, 10A); lateral antennae shorter, inserted at 
anterior margin of prostomium, with 13–14 articles (Figs 9A, 10A). Palps triangular, longer than prostomium. 
Nuchal organs not seen. Peristomium shorter than subsequent segments (Fig. 10A). Dorsal tentacular cirri similar 
in length to median antenna, with 17–18 articles, ventral ones shorter with 14–15 articles (Figs 9A, 10A). Anterior 
dorsal cirri with 12–14 articles (Figs 9A, 10A); midbody and posterior dorsal cirri spindle-shape, shorter than ÁLVAREZ-CAMPOS ET AL.316  ·  Zootaxa 4052 (2)  © 2015 Magnolia Press
anterior ones, with 6–8 articles (Figs 9B, F1). Small vesicles observed in some midbody cirri (Fig. 9F1). Anterior 
and midbody parapodia each with 6–8 bidentate, falciger chaetae. Bidentate blades with both teeth similar in 
length, and several spines on margin. Blades of dorsalmost falcigers longer than of ventralmost ones in anterior 
parapodia (Fig. 10B, C); spines of blades of midbody falcigers slightly larger than those of anterior falcigers (Fig. 
10B–D). Midbody and posterior parapodia with 2–3 ypsiloid chaetae each, originating from fusion of blade and 
shaft, fusion line only distinguishable in some chaetae (Figs 9F2, 10E); some parapodia with one falcigerous 
chaetae with short unidentate blade. Four aciculae in each anterior parapodia, all of them distally curved; midbody 
with 2–3 aciculae per parapodium, one straight, one distally curved and one distally pointed; only one acicula in 
each posterior parapodia, straight or slightly curved at tip. Pharynx similar in length to proventricle, extending 
through 10–11 segments; conical tooth located on anterior margin. Proventricle through 12 segments with about 45 
muscle cell rows.
Remarks. The most similar species to Syllis gracilis, are Syllis ypsiloides Aguado, San Martín & Ten Hove, 
2008 and Syllis picta n. comb. Both S. ypsiloides and Syllis picta n. comb. differ from S. gracilis in the number per 
parapodium and shape of ypsiloid chaetae, since they only present one thin ypsiloid chaetae, with a clearly 
discernible fusion line (see Figs 9F4, 10H–I, and Aguado et al. 2008), whereas S. gracilis presents two thick and 
well-fused ypsiloid chaetae (Figs 9F2, 10E). In addition, Syllis picta n. comb. differs from S. gracilis in body 
width, colour pattern and length of pharynx and proventricle (see description below and Figs 9–10). Syllis gracilis
and S. picta n. comb present thick and short dorsal cirri on midbody segments, instead those from S. ypsiloides that 
are short and slender. Syllis gracilis and S. ypsiloides present two chaetae in midbody parapodia, but they both are 
ypsiloid in the former, whereas S. ypsiloides only has one ypsiloid chaetae and the other falcigerous. Syllis picta n. 
comb. always present three chaetae on midbody parapodia, two falcigerous and one ypsiloid.  
Habitat. Coral rubble, algae.
Distribution. Apparently worldwide distributed. Australia (New South Wales, Queensland, Western 
Australia).
Syllis picta (Kinberg, 1865) n. comb.
Figures 9C–E, F3, F4, 10F–I, 11
Eurymedusa picta Kinberg, 1865: 249, fig. 4. Non Eurymedusa picta Ehlers, 1904: 21, pl. 3, figs. 5–9; 1907: 7.
Syllis (?Synsyllis) gracilis Non Grube, 1840, Augener 1927 : 148.
Syllis (Typosyllis) gracilis Non Grube, 1840 Augener 1913: 206. Haswell 1920: 97, pl. 10, fig. 15.
Non Syllis picta Grube, 1870: 499.
Syllis gracilis australiensis Hartmann-Schröder, 1979: 87, figs. 46–48; 1980: 49; 1989: 18.
Material examined. Type specimens. Eurymedusa picta. NEW SOUTH WALES. Port Jackson, 33°54'S, 
151°11’E, 1866, coll. Kinberg, syntype (SMNH 6864).
Non-type specimens. AUSTRALIA. QUEENSLAND. Lizard Island, High Rock, 14°49'34"S, 145°33’08”E, 
coral rubble, 20.1 m depth, 11 Sept 2010, 1 specimen mounted for SEM (AM W41634.001); Lizard Island, south of 
Mermaid Cove, 14°38'53"S, 145°27'0"E, 14.5 m depth, 1 Sept 2010, 1 specimen (AM W41708); Lizard Island, 
Bommie Bay, 14°39'35"S, 145°28'16"W, coral rubble, 10.5 m depth, 9 Sept 2010, 2 specimen (AM W41720, AM 
W41721), Lizard Island, MacGillivray Reef, 14°38'52"S, 145°28'16"W, coral rubble, 14 m depth, 31 Aug 2010 
(AM W41726); Lizard Island, south of Mermaid Cove, 14°38'53"S, 145°27'00"W, coral rubble, 14.5 m depth, 1 
Sept 2010, 5 specimens (AM W41727, W42422– W42425); Lizard Island, MacGillivray Reef, 14°39'23"S, 
145°29'31"W, coral rubble, 22 m depth, 29 Aug 2010, 3 specimens (AM W41729, W42426, W42427); Lizard 
Island, Outer Yonge Reef, Great Barrier Reef, 14°36’00”S, 145°38'00"E, coral rubble, 30 m depth, 24 Jan 1977, 5 
specimens (AM W48036). NEW SOUTH WALES. Burrill Rocks, NSW 1278, 1 May 1997, 1 specimen (AM 
W29509). Golf course bommie, 500 m north-east of Ulladulla Head, 35°20'29"S, 150°29'12"E, gravel around base 
of boulders, 15 m, 2 May 1997, 3 specimens (AM W48037). WESTERN AUSTRALIA. Long Reef, sublittoral reef 
inner lagoon, 13°54'56"S, 125°46'28"E, 2 m depth, 22 Oct 2010, 1 specimen (AM W.41618); Cassini Island, fore-
reef slope, 13°55'56"S, 125°37'06"E, hard corals, encrusting soft corals and hydroids, 12 m depth, 16 Oct 2010, 1 
specimen (AM W41632); Montgomery Reef, mid-littoral containment, 15°56'40"S, 124°16'00"E, coral rubble, 0 m 
depth, 22 Oct 2009, 1 specimen (AM W42433); Montgomery Reef, lower-littoral fore-reef terrace, 15°51'19"S,  Zootaxa 4052 (2)  © 2015 Magnolia Press  ·  317THE GENUS SYLLIS (ANNELIDA, SYLLIDAE) FROM AUSTRALIA
124°18'52"E, coral rubble and coarse sand, 0 m depth, 20 Oct 2009, 1 specimen (AM W42441); Montgomery Reef, 
mid-littoral reef terrace, 15°52'44"S, 124°19'36"E, coral rubble and sand, 0 m depth, 20 Oct 2009, 3 specimens 
(AM W42442–W42444); Montgomery Reef, mid-littoral fore-reef ramp, 15°53'54"S, 124°10'54"E, Thalassia sp., 
0 m depth, 21 Oct 2009, 1 specimen (AM W42445); Montgomery Reef, mid-littoral channel ramp, 15°57'35"S, 
124°16'09"E, algal turf, small tidally bossed coral colonies, 0 m depth, 1 specimen (AM W42446); Adele Island, 
mid-littoral reef platform, 15°29'28"S, 124°16'00"E, coral rubble covered with Padina sp., 0 m depth, 20 Oct 2009, 
7 specimens (AM W.42434–W42440); Montgomery Reef, mid-littoral fore-reef ramp, 15°52'35"S, 124°19'48"E, 
coral rubble, 0 m depth, 20 Oct 2009, 8 specimens (AM W42448–W42455); Adele Island, sublittoral fore-reef 
slope, 15°33'28"S, 123°08'02"E, 12.5 m depth, 18 Oct 2009, 1 specimen (AM W42447); Montgomery Reef, mid-
littoral reef terrace, 15°52'44"S, 124°19'36"E, coral rubble and sand, 0 m depth, 20 Oct 2009,  2 specimens (AM 
W42456, W42457); Montgomery Reef, subtidal lower terrace, 15°58'05"S, 124°16'55"E, coral rubble and coralline 
sand, 0 m depth, 22 Oct 2009, 1 specimen (AM W42459); Goss Passage, north end of Long Island, 28°28'18"S, 
113°46'18"E, dead coral covered in coralline algae, 8 m, 22 May 1994, 20 specimens (AM W48038); north end of 
Long Island, Goss Passage, 28°27'54"S, 113°46'18"E, dead coral covered in coralline and brown algae, 5 m depth, 
22 May, 1994, 1 specimen (AM W48039); Goss Passage, south east end of Long Island, 28°28'48"S, 113°46'30"E, 
dead coral in calcareous substrate, 30 m, 22 May 1994, 6 specimens (AM W48040); Kimberley region, East 
Montalivet Island, 15°06’00”S, 125°18'00"E, intertidal, 6 m depth, 16 July 1988, 17 specimens (AM W48041); 
Kimberley region, south side of North Slate Island, 15°32’00”S, 124°24’00"E, lower intertidal rocks, 9 July 1988, 
3 specimens (AM W48042); off south end of Long Island, Beacon Island, 28°28'48"S, 113°46'18"E, dead coral 
covered in coralline algae, 4–5 m, 25 May 1994, 1 specimen (AM W48043); Goss Passage, south east end of Long 
Island, 28°28'48"S, 113°46'30"E, dead coral covered in coralline algae, 8 m, 22 May 1994, 3 specimens (AM 
W48044); Houtman Abrolhos, Beacon Island, Goss Passage, 28°25'30"S, 113°47’00”E, dead coral plates covered 
in coralline algae, 8 m, 22 May 1994, 1 specimen (AM W48045); Kimberley region, Long Reef, 13°58'00"S, 
125°38'00"E, 25 m depth, 17 Jul 1988, 1 specimen (AM W48046); Kimberley region, west side of Cassini Island, 
13°57'00"S, 125°37'00"E, 18 Jul 1988, 2 specimens (AM W29540). NORTHERN TERRITORY. Darwin Harbour, 
off Nightcliff, Old Man's Rock, 12°28'30"S, 130°54’12"E, coral rubble, sponges and hydroids, 5–7 m depth, 17 
July 1993, 2 specimens (AM W29506); Lee Point, Darwin Harbour, 12°20'00"S, 130°53'48"E, coral rubble, 3 m 
depth, 11 July 1993, 2 specimens (AM W48047). 
Morphologically similar species. Syllis gracilis and Sylis ypsiloides (see material examined above)
Description. Longest examined specimen incomplete, 23 mm long, 0.25 mm wide, with 53 chaetigers. Body 
slender, anterior segments pigmented, each with one reddish-orange, transversal line (Fig. 9C). Prostomium oval, 
wider than long, with two pairs of red eyes in trapezoidal arrangement (Figs 9C, 10F, 11A). Median antenna 
inserted on middle of prostomium, between anterior pair of eyes, with 12–13 articles (Figs 9C, 10F, 11A); lateral 
antennae shorter, inserted at anterior margin of prostomium, with 8–9 articles (Figs 9C, 10F, 11A). Palps triangular, 
longer than prostomium. Nuchal organs not seen. Peristomium slightly shorter than subsequent segments. Dorsal 
tentacular cirri similar in length to median antenna, with 13–14 articles, ventral ones shorter with 10–11 articles 
(Figs 9C, 10F, 11A). Anterior dorsal cirri with 12–14 articles (Figs 9C, 10F, 11A); midbody and posterior dorsal 
cirri spindle-shaped, shorter than anterior ones, with 9–11 articles (Figs 9D–E, F3, 11B). Anterior parapodia with 
8–10 bidentate, falciger chaetae. Bidentate blades with both teeth similar in length, and several spines on margin 
(Figs 10G, 11C). Each midbody and posterior parapodia with three chaetae, with shorter blades and enlarged shafts: 
1–2 ypsiloid chaetae, originated from fusion of blade and shaft, fusion line distinguishable (Figs 9F4, 10H–I); and 
1–2 falcigers slightly bidentate (Fig. 10I, 11D). Some posteriormost parapodia presenting dorsal and ventral simple 
chaetae, slightly bidentate, with spines on margin (Fig. 11E–F). Three to four straight aciculae in each anterior 
parapodia (Fig. 11G); midbody parapodia with two aciculae each, one distally pointed and other distally blunt (Fig. 
11H); posterior parapodia with only one distally blunt acicula each (Fig. 11I). Pharynx much longer than 
proventricle, extending through 17–18 segments (Figs 9C, 11A); conical tooth located on anterior margin. 
Proventricle through 5 segments with about 32 muscle cell rows (Figs 9C, 11A).
Remarks. Morphological differences between S. picta n. comb. and S. gracilis have been described above. 
The main differences with S. ypsilodes are the number per parapodium and shape of midbody chaetae, since S. 
ypsilodes presents only two chaetae, one unidentate falciger and one ypsiloid chaetae, whereas S. picta n. comb. 
presents three chaetae, one or two falcigers sometimes slightly bidentate and one ypsiloid chaeta (compare Fig. 10–
I and Aguado et al. 2008 for comparisons). Syllis picta Grube, 1870 (non Syllis picta Kinberg, 1865) was ÁLVAREZ-CAMPOS ET AL.318  ·  Zootaxa 4052 (2)  © 2015 Magnolia Press
considered by Licher (1999) as synonimous of Typosyllis violacea (Grube, 1870), so it is not an homonym of Syllis 
picta n. comb.
Habitat. Coral rubble, algae.
Distribution. Australia (New South Wales, Western Australia, Northern Territory).
FIGURE 10. Scanning Electron Micrographs: Syllis gracilis Grube 1840. A, anterior end, dorsal view. B, dorsalmost falciger 
chaeta, anterior parapodium. C, ventralmost falciger chaetae, anterior parapodium. D, falciger chaetae, midbody parapodium. 
E, ypsiloid chaetae, mid-posterior parapodium.  Syllis picta (Kinberg, 1866) n. comb. F, anterior end, dorsal view. G, falciger 
chaetae, anterior parapodium; H, ypsiloid and falciger chaetae, midbody parapodium. I, ypsiloid and falciger chaetae, posterior 
parapodium. Zootaxa 4052 (2)  © 2015 Magnolia Press  ·  319THE GENUS SYLLIS (ANNELIDA, SYLLIDAE) FROM AUSTRALIA
FIGURE 11. Syllis picta (Kinberg, 1866) n. comb. A, anterior end, dorsal view. B, detail of midbody dorsal cirri. C, falciger 
chaetae, anterior parapodium. D, falciger chaetae, posterior parapodium. E, dorsal simple chaeta, posterior parapodium. F, 
ventral simple chaeta, posterior parapodium. G, aciculae, anterior parapodium. H, aciculae, midbody parapodium. I, acicula, 
posterior parapodium. Scale: A–B, 0.1 mm; C–I, 20 µm.ÁLVAREZ-CAMPOS ET AL.320  ·  Zootaxa 4052 (2)  © 2015 Magnolia Press
Syllis setoensis (Imajima, 1966)
Figures 12, 13
Typosyllis setoensis Imajima, 1966: 284, Fig. 62 A–L.—Licher 1999: 124, Fig. 56 A–F.
Syllis setoensis Aguado et al., 2008: 33.
Material examined. Non-type material. AUSTRALIA. WESTERN AUSTRALIA. Woodside Kimberley Survey, 
2009–2010: Cassini Island, lower mid-littoral reef platform, 13°57'06"S, 125°37'27"E, 3 m depth, 18 Oct 2010, 1 
specimen mounted for SEM (AM W41605.001); Montgomery Reef, mid-littoral lower terrace, 16°01'14"S, 
124°09'33"E, coral rubble with Sargassum sp., intertidal, 23 Oct 2009, 1 specimen (AM W42462); Long Reef, 
mid-littoral lower terrace, 13°49'11"S, 125°46'48"E, coral rubble and algae, intertidal, 23 Oct 2010, 1 specimen 
(AM W42528); Adele Island, sublittoral fore-reef slope, 15°34'49"S, 123°09'26"E, coral and algae, 12.6 m depth, 
18 Oct 2009, 1 specimen (AM W42529). Bush Bay, 30 km south of Carnarvon, 25°10'S, 113°39'E, in algal lumps 
on shallow sand flats, intertidal, 6 Jan 1984, 1 specimen, (AM W46283). Off south end of Long Island, 28°28'48"S, 
113°46'18"E, dead coral and algae, 4–5 m depth, 25 May 1994, 1 specimen (AM W46287). PHILIPPINES. 
LUZON ISLAND. “Koala Point”, Balayan Bay, 13º41'51"N, 120º49'45"E, coral rubble, 5–16 m depth, 5 Dec 
2010, 1 specimen (MCZ 25418); “Sepok Wall”, between Balayan Bay and Batangas Bay, 13º41'02"N, 
120º53'45"E, coral rubble, 6–13 m depth, 10 Dec 2010, 1 specimen (MNCN 16.01/16870). 
Morphologically similar species. Syllis krohni: SPAIN. Nerja, Málaga, calcareous algae, 14 Jun 1983, 1 
specimen (MNCN 16.01/8180). Typosyllis (Typosyllis) krohnii. AUSTRALIA. QUEENSLAND. Heron Island, 
North Reef, coralline sand, 4 Feb 1976, coll. and id. G. Hartmann-Schröder, 13 specimens (HZM P-21006), NEW 
ZEALAND. Kermadec Biodiscovery Expedition, 2011: Kermadec Islands, Raoul Island, “Fishing Rock” landing, 
29°15'03"S, 177°54'12"W, algal turf, 1 m depth, 18 May 2011, 7 specimens (AM W42886).
Description. Longest examined specimen incomplete, 6 mm long, 0.8 mm wide, with 60 chaetigers. Body 
relatively robust anteriorly, slender from midbody, without colour pattern (Figs 12A, 13A–B). Prostomium oval, 
wider than long, with two pairs of red eyes in trapezoidal arrangement and 2 anterior eyespots (Figs 12A, 13A–B). 
Median antenna inserted on middle of prostomium, between anterior pair of eyes, longer than combined length of 
prostomium and palps, with 30–32 articles (Figs 12A, 13B); lateral antennae shorter, inserted at anterior margin of 
prostomium, with 25–27 articles (small specimens with fewer articles in antennae and cirri, Fig. 12A). Palps 
triangular, longer than prostomium (Fig. 12A). Nuchal organs not seen. Peristomium shorter than subsequent 
segments (Fig. 12A), in larger specimens forming a small lobe partly covering posterior part of prostomium (Fig. 
13B). Dorsal tentacular cirri similar in length to median antenna, with 32–34 articles, ventral ones shorter with 24–
26 articles (Fig. 12A). Dorsal cirri of chaetigers 1, 4, 6, 9, 11 distinctly thickened (Figs 12A, 13A–C); midbody 
dorsal cirri alternating long (longer than body width) and short (shorter than body width); long dorsal cirri slightly 
thicker than short dorsal cirri (Fig. 12A). Anterior dorsal cirri (except those of anteriormost chaetigers) with 30–33 
articles. Midbody and posterior dorsal cirri shorter, with 23–25 articles. Antennae and tentacular cirri spindle-
shaped, thicker than dorsal cirri. Anterior and midbody parapodia each with 8–10 bidentate, falciger chaetae. 
Blades bidentate, with proximal tooth smaller than distal one, with dorsoventral gradation in length (34–21µm on 
anterior parapodia; 30–20 µm on midbody parapodia), short spines on edge, shafts with short distal spines (Figs 
12B–C, 13D–E). Posterior parapodia with 8–9 compound chaetae; blades hooked, bidentate, shorter than those of 
anterior parapodia, almost all similar in length (22 µm dorsalmost, to 20 µm ventralmost), with acute distal tooth, 
small proximal tooth, and short spines on edge (Figs 12D–E, 13F–G); ventralmost chaetae short, some unidentate 
(Fig. 12F–G); shafts of ventralmost posterior compound chaetae smooth, with a marked spur (Figs 12E, 13F–G). 
Four aciculae in each anterior parapodium, one straight, one distally curved and two distally blunt (Fig. 12F), 
decreasing in number to three aciculae in each midbody parapodium, one distally knobbed, one curved at tip and 
one larger, straight acicula (Fig. 12G); posterior parapodia with 1–2 aciculae each, distally pointed, tip slightly 
oblique (Fig. 12H). Pharynx longer than proventricle, extending through 11 segments; conical tooth located on 
anterior margin. Proventricle through 7 segments with about 57 muscle cell rows (Fig. 12A). 
Remarks. The morphology of our specimens agreed with that of Licher’s (1999) redescribed paratype 
material, except for the length of the specimens (up to 26.4 mm long, 110 chaetigers) and the number of aciculae in 
each anterior parapodium (3 in the specimens revised by Licher (1999), 4 in our study). The most similar species to
Syllis setoensis is S. krohni Ehlers 1864, which has been reported worldwide. Both species are characterized by 
having  distinctly  thickened  dorsal  cirri in some of the anterior segments, and posterior compound chaetae with Zootaxa 4052 (2)  © 2015 Magnolia Press  ·  321THE GENUS SYLLIS (ANNELIDA, SYLLIDAE) FROM AUSTRALIA
FIGURE 12. Syllis setoensis (Imajima, 1966) (AM W46287). A, anterior end, dorsal view. B, falciger chaetae, anterior 
parapodium; C, falciger chaetae, midbody parapodium; D, dorsalmost falciger chaetae, posterior parapodium. E, ventralmost 
falciger chaetae, posterior parapodium; F, aciculae, anterior parapodium; G, midbody aciculae; H, aciculae, posterior 
parapodium. Scale: A, 0.2 mm. B–H, 20 µm.ÁLVAREZ-CAMPOS ET AL.322  ·  Zootaxa 4052 (2)  © 2015 Magnolia Press
FIGURE 13. Syllis setoensis (AM W41605). A, anterior end, dorsal view; B. prostomium, dorsal view. Scanning Electron 
Micrographs: C, anterior end, dorsal view; D, falciger chaetae, anterior parapodium; E, falciger chaetae, midbody parapodium; 
F, falciger chaetae, posterior parapodium; G, ventralmost falciger chaetae, posterior parapodium. Zootaxa 4052 (2)  © 2015 Magnolia Press  ·  323THE GENUS SYLLIS (ANNELIDA, SYLLIDAE) FROM AUSTRALIA
distinctly enlarged shafts, distally curved spurs, and short, hooked blades. The two species are distinguished by the 
form of their compound chaetae, mostly unidentate in S. krohni and mostly bidentate in S. setoensis. Furthermore, 
while S. setoensis lacks any colour pattern, S. krohni has a distinctive colour pattern (see Fauvel 1923; San Martín 
2003). 
Habitat. Coral rubble, algae.
Distribution. Japan, New Zealand, Australia (Queensland, Western Australia).
Phylogenetic reconstruction
Both ML and BI analyses of the three concatenated genes agreed on the existence of four main well-supported 
clades (BS = 75–100%, PP = 0.99–1.00) within the traditionally considered genus Syllis (Fig. 14). Each of these 
four clades contained at least one of the Australian species studied: Syllis broomensis n. comb. belonged to Clade I, 
S. gracilis and S. picta n. comb. belonged to Clade II, S. edensis n. comb. appeared in Clade III, and S. cruzi, S. 
crassicirrata n. comb., and S. setoensis were grouped within Clade IV. 
Within Clade I, Syllis broomensis n. comb. appeared as sister species of S. yallingupensis, which was also 
described from Australian waters by Hartmann-Schröder (1982) (Fig. 14). Although S. yallingupensis seems to be 
restricted to Western Australia, S. broomensis appeared widely distributed in both Eastern and Western Australia. 
The sequenced specimen of Syllis gracilis (Clade II) that was collected in Australia appeared grouped with Syllis 
gracilis 2, also collected in Australia, while S. gracilis 1 (collected in the Iberian Peninsula) appeared grouped with 
Syllis ypsiloides (Fig. 14). 
FIGURE 14. Phylogenetic relationships within Syllis (sensu San Martín 2003) inferred from the Maximum likelihood and 
Bayesian Inference analyses of three concatenated genetic markers (18S rRNA, 16S rRNA, and COI). Numbers above branches 
indicate bootstrap support values (only BS >75% are indicated). Numbers below branches indicate posterior probabilities 
support values (only PP >0.90 are indicated); red circles indicate a BS value of 100% and a PP value of 1.00. Species with * 
appeared with a different name in Aguado et al., 2012, since they were misidentified. 
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In Clade III (Fig. 14), Syllis edensis appeared as sister to S. augeneri (also originally described from Australia), 
and both were sister to S. gerlachi (from the Mediterranean Sea). At least three distinctive subclades were found 
within Clade IV, although only clades IVb and IVc were robustly supported (Fig. 14). In Clade IVa, Syllis cruzi was 
grouped with S. corallica (Fig. 14). Syllis crassicirrata appeared grouped with S. heronislandensis (originally 
described from Australia) and Syllis cf. variegata (collected in Australia) in Clade IVb (Fig. 14). Finally, Syllis 
setoensis appeared nested in Clade IVc (Fig. 14) with Syllis patriciae (from Australia) and two Mediterranean 
species (Syllis vivipara and Syllis krohni). 
Discussion
Our molecular analysis (Fig. 14) combined with the morphological examinations suggested at least four different 
clades within the genus Syllis, each of them containing species re-described here and collected in Australian 
waters. Since the type species of the genus was not included in the analysis—the type material is lost, and the 
recently designed as neotype (Álvarez-Campos et al., 2015) is not able to sequence—the results are still 
preliminary and therefore we prefer not to assign the clades the status of genera. Three out of our four clades 
(Clades I, II, and IV) were also recovered in the most recent phylogeny of the Syllidae available, obtained after 
using a concatenated set of three genes (Aguado et al. 2015b), and all four clades were recovered in the previous 
phylogenetic hypothesis provided by Aguado et al. (2012), although with no support. Clade III could not be 
recovered in Aguado et al. (2015b), since the authors did not include the same species we included in our analysis 
(S. gerlachi, S. edensis n. comb. and S. augeneri, all components of clade III, were absent in their study). In the 
light of our phylogenetic results, we found that the genus Typosyllis does not have any systematic validity, since the 
species that would compose this group (Licher 1999) did not appear in a monophyletic clade in our analysis, and in 
contrast, they appeared scattered all over the tree (Fig. 14), similar to that found in previous studies (Aguado et al. 
2007, 2012, 2015b). Furthermore, the 18 species-complex groups proposed by Licher (1999) did not agree with the 
results obtained in our molecular phylogeny or in previous analyses (Aguado et al. 2007, 2012, 2015b). 
In our analyses, the clade I, which included species that Licher (1999) considered in the complexes “cerina” 
and “torquata” (Table 1), was characterized by species with the dorsalmost compound chaetae of the anterior 
chaetigers with very long blades, the falcigers with long and thick spines on margin, and reproduction apparently 
without stolons (one species, Syllis garciai, is viviparous; Table 2). It is worth noting that, in spite of the 
morphological similarity between Syllis garciai and S. broomensis n. comb. (see taxonomic remarks), our 
molecular results indicated that Syllis garciai is a different species, more related to S. lutea (Hartmann-Schröder, 
1960), whereas S. broomensis n. comb. appeared as the sister species of S. yallingupensis (Fig. 14), a different 
arrangement to that found in previous studies of the same group (Aguado et al. 2007, 2012, 2015b). 
Our clade II, that gathered species from the “pulvinata” and “armillaris” complexes and from the genus Syllis 
(sensu Licher 1999) (Table 1), grouped species that share morphological features like short dorsal cirri on midbody 
and posterior segments, reduction of blades on posterior body, becoming unidentate in some cases, the presence of 
ypsiloid chaetae in some species, and reproductive stolons with two pairs of eyes and three articulated antennae 
(Table 2). The exclusive exception in this clade was the species S. pulvinata, that do not present any of the above 
mentioned characters. Our phylogenetic results suggest that S. armillaris and S. pulvinata could be the same 
species (Fig. 14), but the material has been re-examined and they are both well identified as different species. Since 
a similar situation was found in a previous analysis (Aguado et al. 2012), suggesting a sequencing error, it will be 
necessary to include more material of these two species (or re-sequence all specimens) in order to check their real 
status. Our clade II, mainly agrees with Licher’s (1999) consideration of Syllis (species with pseudo-simple 
chaetae), although he excluded the species S. armillaris and S. hyalina that were considered within Typosyllis. San 
Martín (2003) stated that the fusion of shafts and blades occurs as individuals grow and, therefore, a species could 
possess fused chaetae, partially fused chaetae or falcigerous chaetae, depending on their size/age. However, our 
results suggest that the species with partially fused chaetae (S. picta n. comb.) and species with reduction of blades 
in chaetae (S. armillaris and S. hyalina) seem to be closer than those that clearly present a fusion of blades and 
shafts on midbody chaetae (S. gracilis and  S. ypsiloides), which may imply a phylogenetic signal for these 
features. However, this conclusion is still preliminary and more specimens with different degrees of fusion in the 
chaetae should be included in the analysis. In regard to S. gracilis, our results indicate that the Iberian Peninsula  Zootaxa 4052 (2)  © 2015 Magnolia Press  ·  325THE GENUS SYLLIS (ANNELIDA, SYLLIDAE) FROM AUSTRALIA
specimen (S. gracilis 1) is more related to S. ypsiloides from the U.S.A than to S. gracilis specimens from Australia 
(S. gracilis 2 and 3) (Fig. 14, Table 1). Given that S. gracilis has been reported worldwide (San Martín 2003) and 
some authors have pointed out as a possible complex of species (Maltagliati et al. 2000), further molecular studies, 
including some specimens from different areas and other related species such as S. mayeri Musco & Giangrande, 
2005 (Caribbean Sea) or S. magellanica Augener, 1918 (Pacific and Indian Oceans) should be performed to solve 
this question. 
TABLE 2. Summary of the morphological characters shared by the species within the different clades found in the 
present phylogenetic analyses.
Our clade III (Fig. 14), that grouped two species from the “pulvinata” and “prolifera” complexes, plus another 
species (Syllis augeneri) with no assigned complex (Licher 1999), included species with pseudospiniger chaetae on 
anterior segments, bidentate falcigers with thick spines on margin, foot-like aciculae (as were named by Licher 
1999) in all chaetigers, truncate dorsal simple chaetae on posterior segments and reproductive stolons with two 
pairs of eyes and a pair of articulated antennae (Table 2). Other species, such as S. rosea or S. pulvinata (see 
comments above), that share the same morphological characters, need to be sequenced in order to test if they nest 
within this group. 
Finally, the species nested in our clade IV that belonged to Licher’s (1999) complexes “cerina”,  “torquata”, 
“amica” (subclade IVa), “corallicola” (subclades IVa, c), “variegata”, “armillaris”, “parturiens”, “prolifera” 
(subclades IVb, c), and “prolixa” (subclade IVc), appeared as a mixture of species that did not seem to have any 
characters in common, except for the presence of reproductive stolons with a pair of eyes and a pair of smooth 
antennae (in those few species where reproduction has been reported). In clade IV, only S. crassicirrata n. comb. 
showed morphological similarities with its sister species within the subclade IVb, Syllis cf. variegata (see 
taxonomic remarks). However, the specimen of Syllis cf. variegata should be re-examined since another specimen 
from the same species appeared in a different clade (subclade IVa, Fig. 14). For the rest of the species herein re-
described, no morphological similarities could be found with the other Syllis species included in clade IV. Syllis 
cruzi and S. corallicola only shared a similar shape in both dorsal and ventral simple chaetae, but the latter presents 
shorter spines on falcigers chaetae, the midbody and posterior aciculae are thicker, and it also presents the shafts of 
posterior body falcigers with an enlarged spur and a small protuberance on its superior margin (Licher 1999). In 
regard to S. setoensis, none of the species that appeared nested within the same subclade resembled the re-
described species, except for S. krohni (see taxonomic remarks). However, the support for most of the internal 
clades in subclade IVc was too low to provide sound conclusions. 
As we mentioned in the introduction, the relationships within the subfamily Syllinae are not yet well resolved. 
Nearly all the genera included within the subfamily seem to be paraphyletic (Aguado et al. 2012, 2015) and, 
clades
i ii iii iv
shared 
morphological 
characters 
very long blades on 
anterior and most dorsal 
chaetae
bidentate falcigers with 
long (surpassing teeth) 
and thick spines
apparently reproduction 
without stolons. 
bidentate falcigers in 
anterior segments.
midbody unidentate or 
bidentate falcigers with 
reduction of blades (some 
species with ypsiloid 
chaetae)
short dorsal cirri in 
midbody and posterior 
segments.
stolons with two pairs of 
eyes, a pair of palps, and 
three articulated antennae 
pseudospiniger chaetae 
on anterior chaetigers in 
some species.
bidentate falcigers with 
thick spines
“foot-like” acicules 
(Licher, 1999)
posterior truncated 
dorsal simple chaetae.
stolons with two pairs of 
eyes, a pair of palps, and 
a pair of articulated 
antennae 
species with few 
characters in common, 
except for the presence, in 
some species, of stolons 
with a pair of eyes and a 
pair of unarticulated 
antennaeÁLVAREZ-CAMPOS ET AL.326  ·  Zootaxa 4052 (2)  © 2015 Magnolia Press
therefore, a comprehensive analysis including the related genera still with an uncertain phylogenetic position, such 
as Opisthosyllis Langerhans, 1879, Paraopisthosyllis Hartmann-Schröder, 1991, Branchiosyllis, Haplosyllis, 
Megasyllis San Martín, Hutchings & Aguado, 2008 and Alcyonosyllis Glasby & Watson, 2001, should be 
performed in order to test their real status and to reorganize the taxonomy of the group. 
Conclusions
The current taxonomic organization of the genus Syllis is not phylogenetically accurate since a clear synapomorphy 
could not be found for the entire group. The preliminary phylogenetic results combined with a careful examination 
of the Syllis/Typosyllis species from Australia, the Philippines and New Zealand suggested both the invalidity of 
the genus Typosyllis and the existence of at least four different clades within the type genus of the family. With 
further morphological and molecular analysis, these four clades could be erected to the status of genera. Therefore, 
Syllis, traditionally considered as a mixture of species that do not share any clear morphological features, should be 
reviewed in depth, including the type species, to delimit its status and to understand the phylogenetic relationships 
within it. 
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